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E*cutive Summary

Chapter One
Executive Summary

1.0 SUMMARY

The performarce ofaviatiun maintenar.ce and inspection develop d&morstrations for impcementation and evalua-
personnel is directly reUted to the desigr. cFltheirtasks, the tion within operational maintenance organizations.
training given to them, the tools they work wt~h, and the The aviation maintenance system is complex. It is influ-
nature oftheirwork environment. Thegocl of the aviation

maitcnncesysem s t enuretheconinud sfe nd enced by avatiety ofe~itities and factors as shown in Figuremaintenance system is to ensure the conzinued safe and 1.1. The system includes the aircraft manufacturers who
efficient operation of aircraft. Toward that goal the Fed- design, build, andselaircraft hardware, software, accsso-
eral Aviation Administration instituted the Human Fac-
tors in Aviation Maintenance Research Team to focus on
a variety of human factors aspects associated with the airlnes, and other operators, purchase, operate and main-

tain the aircraft and also suppl equipment and services to
aviation maintenance techniman and other personnel other operators. Vendors supply aircraft components,
supporting hmaintenance equipment, and support services. Repair
The team was comprised ofpersonnel from government, stations supply co,t,'act maintenance sertices and other
private industry, and academia with strong expertise in support. Schools, private and public, offe. training scr-
human factors. They were assisted by experienced "ndus- vices.
try maintenance personnel. and certified airframe and Regulators,liketheFederalAviationAdministration (FAA),
powerplant technicians. The results of their efforts are the Occupational Safety and Heahth Administration
induded in five chapters, this first chapter being the (OSHA), and others, providetheregulatoryenvironment
combined executive sumniaries of the other four. Specifi- in which the system operates. These independent entities
cally: exist in an intcgrated environment that the Air Transport

S rAssociation (ATA) characterizes as a three-iegged stool
Chapter -Executive Sshown in F~gure 1.2 The crossmembcers betweenthe legs
Chapter 2 -Study of the Maintenance Organization of the stool represent the on-going cooperation, commit-
Chapter 3 -Study of the Maintenance Technician in nication, and dependency among the three legs.

Inspection
Chapter 4 - Study ofAdvanced Technolog for Main- A research and development program in aviation mainr:-

tenance Training nance is driven by the following facts:
SChapter 5-Study ofiob Performance Aids 1. Public sentiment demands a continuing, af-

In addition, information dissemination was achieved fordable, and safe air, transportation system
through the conduct of four conferences relating to the following nationa concern over recint mainte-
material ofthe four chapters. The results of these are also nance-rdated incidents and accdents.
included in this summary. 2. Maintenanceworkload is increasingduetn such

factors as:

Each of the chapters listed above, 2 through 5. have been
treated so as to be a'stand alone" or independent resaich i-creasex traffic

ot.14 captr, the Overall Executive Summary, increased maintenance requirements forcLn-
tinuing airworthiness of older aircraft

provides the rationale for the overall program and high. increased requirements for new technical
lights the methods, primary findings, and subsequently knowledge and skills to maintain new tech.
planned research and development. nology aircraft

3. Demographic projections predict a shortage of
qualified technicians.

The work to date has identii-ed numerous aiaes where 4. Competitive pressures demand that mainte..
"human factors rese'rch and devdopmcnt is likely to nmnce organizations increase efficiency and ef.
improve efficiency and effectivcness in the maintenance ictivenss while maintaining a continuing high'
system. Subsequent rescarth, 1991 and beyond, will k-c tof safety.

, .' ', ,



Chapte One

Figure 1. 1 The Complex Aviation Maintenance System

MANUrACTUREAS -REGULATORS

OPERATORS

Figure 1.2 The ATA Th=e-Legged Stool

1.1.1 Public Demand fo~r Continued Sa mient (OTA), 1988). Neverthdelm, the infrequent inci-
Public Air Transportation dents associated with air travdl do influence public trust in

the air- transportation systemn. The 1990 crash of the
Safe and reliable air transportation is a reasonable public UnitedAidincs DC-l0 in SiotaCity. Iowa. raised ques-
demand. Commercial air transportation is.. in fact, safe tions about airline mmmnenance practicc. The Alo~ha
and reliable with trends toward ever-decreasing inciderts Airline 737accidentshowe~tharrmaintenanceand main-
per passenger mile flown (Office of Tr ,)fogy A~s=,s- tcnance training practices were the major cause of the

2
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explosive decompression and structural failure of major 1.13 Demograhics
skin components (NTSB, 1989). While these incidents
resulted in the loss of life, the overall safety and redun- [he OTA,thcU.S. Dcpartmentr f Labor, tl. ir'l'rans-
dancy of the aircraft combined with the training of the port Association, the Future Aviation Professionals %Aso-
crews prevented total catastrophe in both cases. ciation, the Aviation Technician Education Council, :he

Since maintenance practices were invclvcd in the ex- Professional Aviation Maintenance Association, axd nu-

amples above, as well as in other incidents, operators and meroiu other groups maintain estimates regarding the
the government are paying increased attention to the projected shortage of aviation maintenance technicians
human in tile maintenance system. The Aviation Safety (AMT) over the next ten'years. There is unanimous
Research Act of 1988 (PLI00-591) mandatei that re- agreementthattherewillbearreed for 100,000- 120,000
search attention be devoted to a varicty of human perfor- AMfl's by the year 2000. The number is based on the
mance issues induding "aircraft maintenance and inspec- current number of technicians combined with new posi-
tion." tions related to new aircraft and increased attention to

1.1.2 Increased Maintenance Workload continuing airworthiness of older aircraft. Using those

From 1980 to 1988 the estimated cost of airline mainte- estimates and the estimates of the numbers of new A&P
nance increased- from $2.9 billion to $5.7 billion (GAO, certificates, the shortage will range from 65,000 to as
1990). The increase is attribdtable to numerous factors many as 85,000 new AMTs needed by the year 2000.
induding an increase in passenger miles flown, an increase Table 1.2cdepicts the estimates.
in number of a;rcraft added to the fleet, and increased
maintenance for continuing airworthiness on aging air- Mostofthe newAMTworkforcewill bedifferent ,hat the
craft. Table 1.1 shows the increases in dollars spent on current AMT workforce, which is comprised of malesmaintenance, passenger miles, number of'aircraft, an over 30 years oid (69% in 1988 (Dept. of Labor)), withnumber of mantenance technicians (GAO, 1990 and nearly a third of this population having over 20 years
ATA, 1989 Summary Data) from 1980 through 1988. experience. As these experienced technicians retire their
Figure 1.3 shows that the increase in the number of positionswillbelargelyfilledbyinexperienced personnel.
aviation maintenance technicians has the lowest percent-. [he new work force will require greater training and job
age increase of all the categories in that eight-year period, support systems, both of which will be products of a
These data suggest that workload on the individual tech- human factors research program.
nician has increased. Therefore, research attention to the 1.1.4 Competiion for Resources
human in the maintenance system is likely to have high
potential toincreasemair.enanceefficiency, effectiveness, With increasing passenger miles flown and increasir.g
and safety. numbers of flights per day there is considerable competi-

tion for resources, especially between operations and
maintenance. The operations departments need more
airplares, for more routes, for longer periods each day.
The increased flight hours and emerging requirements for

1980 1988 % Increase

Maintainance Costs $2.9 Billion $5.7 Billion . .96%

Passenger Miles 255 Billion 433 Billion 65%

Aircraft in U.S. Fleets 3,700 5,022 36%

Number of Mechanik 45,000 55,000 22%

Table 1.1 Percentage Increase in U•t Airlines 1980 - 1988
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Eecutive Summary

Projected AMT Requirement through 2000 100.000 - 200,000

AMTs Employed in 1988 55,000

Estimated New Positions 45,000 - 65,000

Estimated Attrition Through 2000 45,000

Estimated Training Completions 25,000

Projected Shortage of AMTs By 2000 65,000 - 85,000

Table 1.2
Avaition Maintenance Manpower Requirements Through the Year 2000

(Dept of Labor (1990), ATA (1990))

mance, and the resulting quality of'system output. Using of the human as a critical component of the aviation
dhis information, amaintcnanccsystem can bcdesignedto maintenance system.
minimize system error and to ensure that aircraft are Human factors provides approaches to make efficient use
available as needed and are fully safe for flight. of human resources, while at the same time maintaining

Human factors can have'significant effect on the perfor- margins of safety. Importantly, while only two to three
mance ofthe total aviation maintenance system. Human percent of accidents are attributed to pilot error, Wciger
factors can affect hardware design and manufacture; the and Rosman (1989) have data which indicates that about
design and implementation of maintenance tools and 40% of all wide-body aircraft accidents attributed to
procedures; and thesdection, training and overall support hUman error begin with an aircraft malfunction. Reduc-

Nam.

Figure 1.4 The Human in the Maintenance System

Ill



Chapter One

ing aircraft malfunction is a primary goal ofrnaintenance workforcc however, with the experienced ANf Us retiring,
programs and the humans who carry out those programs. being promoted and transferring, currently exhibits a

bimodal distribution with the AMTs either being very
1.3 STUDY OF THE MAINTENANCE expeiienced, or having little (3 years or fewcr) expcrience.

ORGANIZATION (CHAPTER 2) With the aging fleet problcms involving extensive sheet

This research was a study of maintenance organizations metal repair, the newer A.MTs arc working to develop
from an organizational psychology and systems engineer- skills and experience to complete repairs which are com-
ing perspective. The intent was to identify how commu- patiblewith commercial transport damagetolerance prac-
nication ik accomplished within a maintenance organiza- tices. This learning processcan result in delay and often in
tion. The research also focused on how maintenance re-repair, a situation that is not acceptable to the time
organizations set and accomplished technical goals. pressure type of maintenance operation.

A rapid but systematic assessment of aviation mainte- 1.3.3 Teamwok
nance technician interaction in eight U.S. companies was
undertaken in early 1990. Over 200 AMTs, their fore- Thesurveyclearly indicated that above-averagecoordina-
men, and maintenance managers were interviewed and tion, cooperation, and communication produced less
observed during two to four day visits of heavy mainte- frustration and improvedworkperformance. Where corn-

nance checks of aging aircraft. The data from these visits munication was not a high priority, high turnover, low
were coded and classified using socio-technical systems morale, and concerris about the high maintenance work-
(STS) concepts to identify organizational purpose, values, load resulted. Contributing to this problem was the
environment, product, and patterns of communication complexity of coordination among maintenance, plan-
(Taylor, 1989). STS principles (Chews, 1987) were the,, ning, stores and shops.
used to help assess the compatibility among those various 1.3.4 Commiu ent
components.

The overwhelming majority of AMTs contacted during
1.3.1 Awareness of Maintenance Goals the survey expressed cnjoymant in maintenance and

The survey suggested that individual AMTs did not mechanical repair.Astrongdesireto see the "big picture"
always have a complete understanding of the company was exhibited throughout the mechanic, inspector, plan-
purpose regarding the role of maintenance. The mainte- ner and managerial workforce. Regarding intent to re-
nance personnel need to be able to individually describe main in the maintenance operation, the planning force
their role in concert with the company purpose. was the group considered most likely to move on to other

areas.
1.3.2 Competence of the Worktforce 1.3.5 Phase II Plan
[he survey, albeit not all encompassing, indicated a

shortageofexperiencedAMTs. Several factors aremrespon- In the second phase the researchers wildevelop a docu-
sible fol this situr.tion. In the late 1960's, the maintenance ment that will be a guideline for effectivC commu enicat ion
force ,,s comprised of AMTs with experiences gainod within maintenanceorganizations.'l'hedocument will be
during military service, supported by skilled general fore- designed with, and written for, all levels of maintenance
men, s hedulirg,, cadre, and instructors to broaden the management.Thedocumentwill addressissues related to
AMT lnowledge as newer aircraft such as the Douglas maintenance management style, the structure of the
DC-9 nd Boeing 727 joined the established fleet of maintenance organiation, job design for application of
Boeing 07's and Douglas DC-8's. The oil crisis of 1971-. new technology', defining purpwse and goals within a
73, inc eased fuel costs resulting in increased fares. In-, maintenanceorganization, and othertopics related to the
creased fares caused a reduction in load factors, causing pursuit of cxcellencc within maintenance organizations.
airlines :o lay off newer mechanics. Unfortunately, as the This written guideline will be available to the indukrry at
crisis ea sd, these mechanics were not rehired, to a large the completion of Phase I1. in late 1992.
degree. The slow economic times of 1979-83, coupled 1.4 STUDY OF THE MAINTENANCE
with de egulation, generated a cost-conscious industry, a 1C C IU INTE CO

sign of, hich is reduced inventories of aircraft parts and TECHNICIAN IN INSPECT1ON

leaner s affilng. (CHAPTER 3)

Finally in 1988 through the present the "new" fleet of llie Federal Aviation Administration policy regarding
1970 a rcraft arc now the aging aircraft, exhibiting-thc aircraft structural design is that ofdamage tolerance.This
need fir increased inspection and repair. 'Ilie AMT' approach accepts that cracks and comrsion in meta
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Eecuive Summary

aircraft do, by definition, exist through the life of the for completion of thai step. Examples of subs-stems are
aircraft. The inspection interval applied to the damage sensing (e.g. vision, kinesthesis), iriformation ,-ocessinm
tolerant design is that which will d 'tect the defect before (e.g. perception, memory, cognition), and output (e.g.
it presents a hazard to safe flight. The inspection intbrval motor control, force production, posture maintenance).
is maintained by humans doing the job manually or with
some form of inspection device. In either case, humans Table 1.3shows a seven-task generic task description with
and machines are fallible. Ways are needed to make the examples from each of the two main types of inspections:

system components less error-prone, and thesystem itself Visual Inspection (VI) and Non-L)estructive Inspection

more error tolerant. (NDI).
The approach in this chapter is to determine ty a Given a generc task description, the next requirement is

human/system mismatches to guide both futureresearch to bring human performance models to bear on the tasks,Shumn~sste mimatces o gidebothfutre eserch and hence form a task an.-lysis. Two ways were found to
"and short-term human factors implementation bysystem perform this. First, the critical human sabsystems were
participants. Also, by providing a human factors analysis
ofaircraft inspection, it is intended to make human factors checked at each task step. Second, observations of likely
techniques more widely available to maintenance organi- errors, human factors improvements, and error-relatedissues were made from observations taken. These led to a
zations, and to makeaircraft maintenance more accessible issuoswee made s ervations tak Ts e led to ato hman actrs pacttionrs.composite task description/task analysis form as an in-to humin factors practitioners. prjcwokndouet

project working document.
Error-prone human/system mismatches occur where task To document the human and system error potential, the
demands exceed human capabilities. The necessary com- approach taken was to have the analysts visit several
parisons are madethrough a procedure oftask description maintenance/inspection sites and workwith
and task analysis. Task description enumerates the neces- mainte inspectionsitesentatit s inspectors to

sarytas stes a a evelof etal sutabe fr suseqent complete task descriptions of representative tasks. lIrspec-" sary task steps at a level of detail suitable for subsequent tors were observed, questioned, photographed and inter-•
analysis. Task analysis uses data ahd models of human viewed, often'on night shifts and under typical working
performance to evaluate the demands from each task step conditions. (Che degree ofcooperation, enthusiasm and
against the capabilities ofeach human subsystem required

TASK DESCRIPTION VISUAL EXAMPLE . NDI EXAMPLE

1. Initiate Get workcard, read and understand area Get workcard and eddy current
to be covered. equipment, calibrate.

2. Access Locate area on aircraft, get into correct Locate area on aircraft, position self
position. and equipment.

3. Search Move eyes across area systematically. Move probe, over each rivet head.
Stop if any indication. Stop if any indication.

4. Decision Making Examine indication against remembered Re-probe while closely watching
standards, e.g. for dishing or corrosion. eddy current trace.

5. Respond Mark defe.t, write up repair sheet or if Mark defect, write up repair sheet.
no Jefect, return to search. . o" if no defect, return to search.

6. Repair Drill out and replace rivet. Drill out rivet, NDT on rivet hole,
drill out for oversize rivet.

7. Buyback Inspect Visually inspect marked area. Visually inspect marked area.

Table 1.3. Generic Task Description of Inconting Inspection
with Examples from Visual and NDi Inspection
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Chapter One

professionalism of all of our "subjects" was remarkable, Changing the operator to fit the system:
and reassuring to the traveling public.) 1. Selection/placement - visual function, per-
1.4.1 S r ceptual style (Drury and Wang, 1986).

.4 ummay Fd 2. Training/retraining - cuing, progressive part

There are many places where Human Factors interven- training schemes, controlled feedback
tions can be effective. This Chapter describes experience (Drury and Gramopadhye, 1990).
in applying Human Factors to inspection iasks in manu- WI.en applied specificallyto aircraft inspection, Table 1.4
facturing industry. In summary these indude. shows asummaryofthepotentially-useful strategies. They

Changing the system to f: the operator. range from the simple (such as improved flashlights and
1. Improving visual aspects - lighting, contrast, mirrors for visual inspection and safe, easily-adjustable

target enhancement, optical aids, fAse colors work stands) to the complex and costly (such as pattern
on video, recognition-based job aids, restructuring of the organiza-

2. Improving search strategy - briefing/feed foi- tion to provide feedforward and feedback).
ward, aids to encourage systematic search. The FAA recognizes that communications and training

3. Enhancing fault discriminabihiry - standards need immediate attention. Tic aviation maintenance
at the workplace, rapid feedback, information environment (Drury, 1990) complicates

comrnunication between inspectors and their co-workers
4. Maintainingcorrectcritenion-recognitionof (e.g. fecdforward information), between inspecors at

pressures on inspection decisions, organiza- shift change, and between inspectors who find a problem
tion support system, feedback. And those who must reinspect and approve ("buy-back")

5. Redesigning the aircraft and its systems to that repair. Training is largely on-the-job, which may not
improve access, search and decision, i.e. De- be the most effectiveor efficient method of instruction. In
sign for Inspecrability (Drury, 1990). subsequent years, the National Aging Aircraft Research

STRATEGY

Changing Inspector Changing System.

Training in NDI Calibration Redesign of Job Cards
Initiate (Procedures Training) Calibration of NDI Equipment

Feedfoward of Ecpected Flaws

Access Training in Area Location Better Su.,port Stands
(Knowledge and Recognition Training) Better Afea Location System

Location for NDI Equipment

Training in Visual Search Task Lighting
Search (cueing, progressive-part) Optical Aids

Improved NDI Templates

iiecison Training(cueing - Standards at the Work Point
Decison Feedback; Understanding Pattern Recognition Job Aids

of Standards Improved Feedback to Inspection

Action Training Writing Skills Improved Fault Marking
Hands-free Fault Recording

Table 1.4
Potential Strategies for Improving Aircraft Inspection
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Eecutive Summary

Program (NAARP) and, hopefully, the maintena.- / ncrs with pilots to insure reliable safe dispatch. The job of
inspection providers need to pursue both short-term theAMTisbecomingincreasinglydifficultasdiscussedin
interventions based on solutions proven effective in manu- Section 1.1.2. This is a result of the fact that there are
factufing, and longer-term research to give definitive, incr,-asing maintenance tasks to support continuing air-
implcmentable solutions. worthiness of the aging aircraft fleet while, at t-: -hnc
1.4.2 Phase 1I Plan time,, new technology aircraft are presenting complex

digitJ systems that must be understood and maintained.
Phase II of this research task will pursue the overall Sheet metal and mechanical instruments havegiven way
program goal to create demonstrations of techniques to to composite materials and glass cockpits. These new
improvehuman factors in aviation maintenance. The first technologies have placed an increased training burden on
subtaskwill identify, implement, and measuretheeffectof the mechanic and the airline training organizations. The
specificlightingimprovements used in an inspection task. advanced technology training research, reported here, is
This research task will assess the lighting change with exploring alternatives for the effective and efficient dcliv-
respect to potential elimination of error and with respect cry of a variety of aircraft maintenance training.
to cost effectiveness. 1.5.1 Summary Findings

A second task under this research topic will address
methods to reduce error in the calibration and operation The industry survey showed that there are many applica-

of a variety of non-destructive inspcction test equipment. tions of'traditional computer-based training being used
This researchwill studythe human factors aspects ofNDI for maintenance training. However, there are very few
equipment design and various aspects of training and applications of artificial intelligence technology to main-

retraining of NDI personnel. Finally, this subtask will tenance training. Nearly all airline -personnel indicated
continue to identify human factors issues that should be thatcurrentcomputer-based trainingwasnotsufficientto
addressed in the continuing effort to improve human meet .all of the demands associated with maintenance
performance in insetion, training. The survey also suggested that managers of

maintenance training are becoming increasingly articu-
1.5 STUDY OFADVANCED late about specifying their requirements for computer

TECHNOLOGY FOR software and hardware. Numerous industry committees
NAiNTENANCE TRAINING are creating standards that will increase compatibility

(CHAPTER 4) across the maintenance training industry.,

Advanced technology training refers to the combination The FAA is in the process of modifying the regulation
of artificial intelligence technolog' with conventional affecting the AMT schools. Part 147 of the Federalcofpn -base instelligencetichnonaloy m tho (ohnveioal Aviation Regulations now recognizes that computer-
computer-based instructional methods Johnson, 1990). based training systems arc, in :clected cases, as valuable for
This chapter reports the status of a project to support the trainingas theuse ofreal equipment.This change in policy
applicition of advanced technology systems for aircraft is likely to create an increased marketplace for develop-
maintenance training. The first phase of the research was merit of advanced technology training systems.
to survey the current use of such technology in airlines,
manufacturers arid approved aviation maintenance tech- During Phase I a prototype training system was built for

nician scho&is. The second phase of the research is build- an aircraft environmental control system. Development• of the environmental control system training prototype
ing a prototype intelligent tutoring system for aircraft demonstrated that rapid protoryping is a very tffoctive
maintenance training. The chapter defines intelligent
tutoringsystem technologyand presents thespecifications means to involve system users in the earliest stage of the
for the procotypc• The chapter also dscrines example system design. The software tools for rapid prototyping

constraints to the rapid design, dcvdopment and imple- makeit rlaiveyeasytoereate reasonable examples of the
mnentation ofadvanced technology for maintenancetrain- final system interface. However, this ptototyping effort
ing reinforced the researchers' opinion that the "easy to use",
ing. tools are good for rapid prototyping hut have limited

The human is an important component in the commer- 'potential with respect to building the completed training
cial aviation system that provides safe and affordable system. Subsequent development must be accomplished
public airtranspostation. Much attention to the"Human with programming languages rather than interface devel-
Factor" in the aviation industry has focused on thecockpit opmenrt tools.
crew. However, the FAA and the airlines rccognize that
aircrafi maintenance technicians (AMTs) are equal part-
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Chapter One

1.5.2 Phase H1 Plan Information was collected through surveys, expert assess-

During Phase Ithe environment control system training ment, and literature research. A survey of existing JPA

pcototypewill bewritten in aprogramminglanguage. The systems was conducted. The focus cftheJPA survey was

simulation, specified in Phase I, will be written. The on computer and microprocssor-based systems used for

knowledge engineering process and formative evaluation information delivery, processing, or storage. In addition,
will continuewith thetechnical personnel. Theprototype applicable technologies not yet incorporated in systems

will be converted to a fully operational turn-key training were identified in anticipatior offuturesystems.The goal

system. Thc training system will be the key fccus for the of the survey was not to find the system. that 'would

extensive evaluations planned for Pha 1 "revolutionize" aviation maintenance, but to assess the
overall extent and characteristics of what has been done

1.6 STUDY OF JOB PERFORMANCE and what is possible in termsofjob aiding. The informa-

AIDS (CHAPTER 5) tion was collected through extensive databa.se searches,
telephone discussions, and site visits. Several "new"

This research was designed to provide information for technologies were investigated in computer displays, mi-
government and industry managers in their efforts 'to a Finally,
assess the utility and implementation of job-aiding tech- two small experiments were conducted to assess the
nology.Thereweretwo areas in this research task- aviation calities ofdeveloping databases and graphical user inter-
maintenance assessment and technology assessment. faces (GUI) for job performance aids.

The first research area sought a user's perspective on job 1.6.1 Sunmmay Findings
performance aids 0 PAs). Current approaches to comput-
erization and job aiding in aircraft maintenance were The findings are divided into three areas:
investigated. A survey was conducted to determine the - Maintenance automation
relative level of automation at 25 airlines. Systems were * Technology assessment
observed during various phases ofdevelopment and work - Systems integration
force reactions were determined. The needs of the main-
tenance technician were assessed and an overall under- The areas represent %:at exists, what is possible, and how
standing of the maintenance process was obtained, to transition between the two. The findings on mainte-

The second area focused on technologies. A survey was nance automation systems describe thestatus of mainte-
conducted to determine the capabilir/ of existing JPA nance automation, how they are designed, justified, les-
systems. The state-of-the-art in computers and in related sons learned, and trend- for the future. The technology
technologies was assessed. Current approaches to systerm assessment findings provide : c assessment of the
integration were identified, utilityoftechnologies inter,:- , funct~on,availabil-

The research documented the challenges facing aviation ity and complrexity.Thefon , .h t iacsysteem a integration
mainenace nd te crret aproahesto uilie tch- findings is information on how to integrate humans into•maintenance and the current approaches to utilize tech- the various systems.

nology in meeting those challenges. This information was
obtained from four sources: 1.6.1.1 Maintenance Aitomaton

- Airlines - managers, data, processing specialists, The process of fielding maintenance automation has
AMTs largely been one of computerization. The statistics main-

* Industry representatives - groups such as the rained on aircraft have grown exponentially. The hasic
ATA structureused for the paper methods has been transferred

& FAA - maintenance managers and inspectors intact to the computer approaches. This was necessary to
- Manufacturers - customer support. designers ease transition and avoid extensive retraining that might

be needed with - new approach. Most maintenance
Access to these individuals was obtained through partici- operations now use computers to irack parts and aircraft
pation in numerous industry forums aind site visits. The status, and many organizations are moving computers

into forecasting and other decision aiding fulnctionr.
sitevisits lasted from two hours to oneweek. Information Efforts to computerize have reached a plateau, and only
was collected through informal interviews and observa- the most profitable airlines have data processing people
tion. The researchers participated on a non-interference tie dovelping ajrinesyste maintenane
basis in the normal conduct of aircraft mainter.-nce. All atively developing major nes for maintenance.

shifts of operation were observed.
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Excutive Summary

1.6.1.2 Technology Assessment is the thread that runs through aviation satity from any

The survey ofJPAs identified over 150 job performance point ofview...." This project was adirect intervention to

aids develo~ted during the last ten years. More than halfof proen Human Factors information to the aviation main-tenance community, and to provide a forum for direct
the developments were sponsored by the Department of interchange of relevant information between system par-
Defense (DoD). Fewer than twenty systems are still in ticipants. This sub-project organized a series of Human
active use or development, and another twenty were Factors seminars for personnel associated with aviation
searching for a sponsoring application. The remaining maintenance.
were shelved for reasons that usually involved lack of
funding. As noted in Section 1.1, the air carrier industry in the

and the survey findings United States can be viewed is a three-legged stool
There are several successfulJPAs, dconsisting of the aircraft manufaA turer, the airline opera-
do not imply that JPA development is unfeasible. The tor, and the regulatory agencies, principally the Federal
surveydid support the need fora more realisticassessment AviationAdministration. Forcarriermaintenancetowork
ofhow soonJ PA technology cai beapplied tocommercial as it should, communications amorngthese three elements
aviation maintenance. must be efficient and meaningful. The cross braces in the

1.6.1.3 Systers Integration stool represent the communication.

Based on technical functionality, most of the computer- The FAAand industry have noted a need todevelopsome
ization efforts for aircraft maintenance and JPA develop- othermechanisms to fosterreadycommunications among
ment efforts by the DoD were successful. Unfortunately, airline operators, aircraft manufacturers, and the FAA.
technical functionality is not good enough. Humans This should exist in some form thatwouldallow members
remain the engine for most complex systems. Even auto- within each of these three groups to understand the
matic test equipment (ATE) is dependent on humans for current thinking of members of the other two groups..A
planning, design, manufacturer, installation, and mainte- free exchange of information should be allowed concern-
rance. Approaches exist that incorporate Human Factors ing maintenancetechnologies. procedures, and problems
and these should be considered. The Federal Aviation Administration, on reviewing the
1.6.2 Phase II Plan success of the 1988 meeting, established a series of meet-

ings to address "Human Factors in Aircraft Maintenance
The next phase of the research on job aiding will identify and Inspection." The purpose was to foster communica-
acandidatetechnicaldomain inwhich acomputer-based tions among a'l segments of the aviation maintenance
intelligent job aid can have potential to increase mainte- community. To date, four meetings have been held.
nance effectiveness and cfficiency. During PhaseTwo the While the first meeting in 1988 explored the full range of
research team will work with an airline to identify a maintenanceproblems, each subsequent meeting focused
candidate domain and construct a system prototyp•. on a specific Human Factors issues in order to obtain
Current plans arcaimed at usinga portable, expert system- greater depth of coverage.
based job aid that has been developed in a non-aviation
industry. The next phaseofthe research will focus moreon The four meetings in this series held thus far are:
the specification and levelopment planning than on I1umn= Fat-mrs lawss in Airraft Maintenance Iand
completion of the job aid for an operational aviation Inspectiio
maintenance environment. Sev'ell and Johnson (1990) Alexandria, Virginia. October 1988.
have described how prototype systems can be used for
system design and development. The intelligent job aid Presentations, were made concerning maintenance
prototype will be used for concrete systems specification issues and human factors ramifications by represen-
for Phase III development. tatives of aircraft mannfacturers, airline operators.

1.7 HUMAN FACTORS IN AVIATION the FAA, technical training schoots, and others.
MTThree presentations described the discipline of hu-

MAINTENANCE - THE man factors and its potential cortribution to iviation
CONFERENCES m,-tenance.

The combination of factors described in Section 1.2 Iluman Factors Issues in Aircraft Alaintenante and
highlights the importance of communication airmng all Inspection - Inf- rratio, &change and Communica-
entities involved i. the aviation maintenance system. tjns
Broderick (1990) suggesred that industry communica- Alexandria, Virginia Deccmbcr 1989. -

tion 'ties the maintenanceoperation together and, in kact,

_________________ i_______iii________"___:_____1__ii__.___l______ii______...._ :.
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Chapter One

This meeting focused on problems in the Lxchange format and electronic interiice that, will provide greater
of maintenance information and pos~ible improve- captability than is available with hard-copy documenta-
ments in information management and industry tion. The project will create specifications for the elec-
communications. Considerable attention was given tronic publishing of all past and new project-related.............
to new technologies which might support industry documents. At the completion of the project the docu-
communications. mertation will be availableon one compac.disc read only

Humanwi Factor Laws in Aircraf Maintenance and meoyCDRMdsc
Inspetion - Trainingraue 1,.8.2 Handbook on Aviation Maintenance
Atlantic City, New Jersey, June 1990. Human Factors

The purpose of this meeting was to review the status During Phase 11 the resarc team will outline and
of niaint -iance training for the air carrier industry, prototype a handbook on aviation maintenance human
toconsider problems faicing those responsible forthis factors. The handbook will offer basic and applied prin-
training, and to learni of r~ew training technologies ciples covering~ll iscresoflmmanperfrormanceinaviation
underdevelopment. Some ofthe Presentations illus- maintenance The handbook will be u.efial to all who are
trated new technologies now being brought into use respons;t' planning, managing, and conducting
in aviation maintenance. mainter will indludeý asan example, the following

Hu~a~sFacorsIsses n Arcrft ainenaca'and idonh, oft s: workplace requirements, workplace envi-
Huma Fatm nue inAn-caftMaitenneeand ro~nment,, human capabilities workplace design prin-

Intpec, ion - The A viqion Maintenance Tech"fidian ciples, trai ning design and practices, and other topics. The
Alexandria, Virginia, December 1990 handbookwill f3llow fomnus used in othersuch com pen-

dia (Boff and lincoln, 1988; Parker and West, 1973).
The meeting dealt with the aviation maintenance
workforce. Presentations dealt with acquiirng, train- 1.8-3 The National! Planx ibr Aviation Human
ing. and maintaining an effective workforce. The Factors
likely impact of changing national work force demo-
graphicswas explored. The impact oforganizational The Federal Aviation Administration, in conjunction
fwicos on aviation maintenance was reviewed, with the National Acronauticsand SpaccAdmirsistration

(NASA) and the US Department of Dcfense, conducted
Attendees at each of these meetings have commented on an extensive series bfworlcshops, during 1990. to create a
the value of the meetings as a communications medium National Plan for Human Factors. One of'rhe subgroups
for the air carrier maintenance communicy. of the Scientific Task Planning Group was dedicated to

1.7.1 Phase Il Pla Human Factors in aircraft mtaintenance.

There will betwo workshops conduactd during Phs 1I1.9RF ENE
The first, scheduled for June 1991 in Atlanta, Georgia, Air Transport Association. (1990). J989Sumnarydata
will address Human Factors in the aviation work environ- Wishington, D.C.: ATA.
ment. The second meeting will be in Washington, D vainSiCyRsac Ato 98 PIO51 0

dunugjauauyf 192.Stat. 3011 (1988).

18 A DDT IO AL RE EA C Born, K IR. & Lincoln, J. E (Fd.). (1988). Engineering
A~rIVITIESdata compendimw Huam=, pvrcrption and perfor-

The research program is committed to be responsive to mance. (4 V9lume~s). AAMRIJNATO.
Human Factors issues related to proposed rule changes, 1rxpik .J 19,My.M'rn ecm.liJF
new policies, Airworthiness Directives and/or Serice Pakr, (Edic .) F.in90 ay) Mepeti:Hmng fwelcomse. litn.F

Difficuty reprt,.aircraft niaintenancewad inperrion- "Information

1.8.1 Electroni Document exchangcandcommtinicaions."Washingt11, D.C.:
Office of Aviarion Mfedicine, l'ederal Aviation Ad-

One of the projects schce lulod for Phase If is the develop- ministration.
ment of an electronic database of Al publications and
Presentations from Phase I ofthe program. liie lectronic c:hcrns, A. B. (1987). Principles of sociotechnical design
document will capitalize on hypertex software technol. revisited. IfumiansRdadan, 40, 1*53-161.
ogy. This research wLIf go beyond the mere digitization of
documents. The project will cmphasiz.C a document
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Maintenance Organization

Chapter Two

Maintenance Organization

2.0 SUMMARY 2.1 INTRODUCI1ON

This study recognizes the cons; erable strengths of the TheexcelrletsafetyrecordofU.S.airlinesiswel lestablished.
airline industry's maint-nance flight safety efforts. It offers A General Accounting Office (GAO) report states that
suggestions for additional research, and it'describes some "accident rate data ... have improvnd over the last 20 years
possible areas for further improvement. It represents a corn- and that U.S. airlines havea lower accidenr rate than airlines
binxi picture of maintenance management and organiza- in the rest of the world" (GAO, 1988).
tional behavior in eight U.S. maintenance operations
including small and large aircarriers and repair stations. Measuring the effects of maintenance cn safety. Masures

of safety other than accident ratis have been applied wizh
The sample used for this study was necessarily limited. The mixed results. Financial data may prove useful, but current
findings, therefore, must be understood as iadi'cative only, reporting procedures for maintenance comts present difficul-
and not conclusive, ties in comparing c.'mpanies within the industry. Airlines
Thestudywas undertaken for the purposeofbenchmarking• differ in their labor costs and accounting practices, and in the

to eqtimate the effect current organization and management age of their fleets. Such dmffe-ences make comparisons sus-
practice may be having on the work practices of mecharics, per.n rBecause the Department of Transportation (DOT)
inspectors, and schedulers, and -an their attitudes and mto- does not requiresmalleraidinesto reporrmaintenancecosts,
rale, and how those, in turn, may affect safery and work these companies cannot be compared on this basis at all.

quality. These factors do, in fact, show a close relationship New measures of current safety conditions would be useful.

one to the other. Measuring and comparing airline maintenance quality is
obviously important. The presenrt major method of deter-

While there was found considerable variation among these mining maintenance quality is to assess thedegree ofadher-
factors from one carrier to another, none was seen to have enee to (or deviation from) the Federal Aviation
reached the point of compromising air-safety., This is an Administration- (FAA) regulated maintenance programs.
important finding for the industry, affirming its long-stand- This approach does not measure the outcome of mainte-
ing commitment to safe air traved. nance efforts, but instead relies on che assumption that if

programs are followed quality will result -in short, it is a
Throughout the course of the study the people observed measure of practice. not outcome.
were seen as serious about their work, dedicated, well-
meaning, and bright. Everywhere in the industry, employees
clearly showed their desire to do their very best for air safty. Current interest in progrnms to measure and improveprod-
Their commitmeni is reflected in their excellent perfor- uct quality (e.g. the DcparntmentofDcfense(i)OD)empha-
mance record. sis on 'Total Quality Management") is beginning to be

reported in the airline ,industry, (Doll, 1990), but such
At several sites, employee morale and-coordination of the programs are apparendy notwidely applied yet. Comparable
work were found to be-below the optimum. Based on the measures of maintenancequality, then. arestill in the future.
results of this +tudy, the timely and careful adjustment :f Measurement of maintenance related problems would pro-
certain practicms, structure, and norms inight be an early vide a viable avenue to assess quality, but the available
prudent step to positivy affect safety in the future. niechanical-retiability and unsafe-iincidents data bases arcdesigned to track short-term, not longer-term, trends (OTA,
For those who see in these findings confirmation of their 1988). Thus,' the currently available measures of mainte-
own careful observations and condusions, action may be nance on safety do not safisfy the need for measures except
taken with a Fairly high degree ofconlidence. For others, only for historical accident data.
a more-broadly based, more thorough-going research efFort
or direct evidence of success'fil management changes and Measuring and comparing human Factors. Despite recent
intervention will be convincing. condusions that human factors in maintenance (and man-

agement practices specifically) can influence the judgmrncnt,
The present study sers.the stage and suggests avenues for atti:udes arid skill ofaviation maintenancepcrsonnd (01'A,
additional research and action.
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Chapter Two

1983) little research or action in this area has been reported. cracks adjacent to oneanother, called "multi-sitc damage, or
As will be described in further detail in the section on prior MSD") and corrosion in fuselage areas. This attention
-esearch, there is very little published about human factors in requires new information, skills, and time in addition to the
aircrft maintenance at either the individual worker or normal work load. Demand for both airplanes and mainte-
organizational levels. nance personnel continues to go up.

This-study is an initial effort to estimate t'x importance of Organizational communication as it relates to mainte-
organizational and management aspects of maintenance on nance. Attention to the human factor in maintenance is
morale and motivation, communication patterns, work- growing, and that human factor in aircraft maintenance is
related behaviors, and quality of work for aircraft mainte- more than an individualwho follows orders. In maintenanme
nance personnel (AMP). The results of this preliminary work, the human has often been characterized as "the tech-
study suggest that links exist between organization, commu- nical system" - and this is not inappropriate. In this role,.an
nication, attitudes and quality ofwork. Much more difficult inspector or mechanic ("inspecting") searches for flaws/
to establish, but important to assess, is a link between quality defeccs and decides when they have been found. After
of work and flighit safety. That link was not intended to be searching and locating it, the flaw is repaired in a planned
validated within the scope of the present study. sequence. This search-decide-plan-repair sequence is the

"human factor as technical system" in maintenance systems
2.1.1 Problan T ;:ion ._2.' Ile Changing of many industries.

Environment for Aircraft Maintenance
With the importance and logic of this technical system view.

Deregulation as a force increasing complexity for mainte- a complementary view, that of the "human-factor-as-social-
nance. During the initial years following airline deregulation system" risks being ignored unless a conscious effort is made
(1979-1984), U.S. carriers' data reported to DOT indicated to include it. In thisisocial systems view, the web of relation-
that a lower percentage of operating funds was spent on ships among all the parties involved comes into focus in
maintenance than had been the case in prior years (OTA, setting and strengthening expectations among them.
1988). GAO noted recently that by 1988 the reported
amount spent to maintain and repair aircraft was almost The social system is thus a set of expectations (sometimes
double the 1984!evels, and that current U.S. repair ability is positive and constructive, and sometimes conflictual and
operating at near full capacity (GAO, 1990). Such swings in destructive) with others in the workplace, elsewhere in the
maintenance ependitures, by themselves, place pressures on organization, and with outsiders.
maintenance and inspection personncl. In another report, M
the GAO (1988) listed the following, among others, as "risk aii~ bdeg.Ofnmngrs(tl)elcpbeprecuOrs" (their sigst of probleatic safeny compline ) a ink .of making significant organizational decisions based onprecursors" (their signs of problematic safety compliance) in intuition and experiecric But the tasks of organizing aircraft
U.S. air carriers: major route expansion, fleet expansion (due intu nan d haperi ecBu e t rgae zn aircraft
in part to mergers and acquisitions), industrial relations
conflict (which can accompany mergers), and strained fi- Among the organizational forms that have been used suc-
nances (complicated by intense competition and unstable cssfully -in the past is assigning not only inspection and
fuel prices). Ftew U.S. carriers can claim the absence of these maintenance to separate departments. but separating mate-
signs. rials, tools, shop repair 0fcomponents, planning and sched-

uling from maintenance as well. Organizing into "functional
The additional problem of aging aircraft. Recent aging silos" this way, strctly by application domain or function,
aircraft airworthiness directives (ADs) have been said to bean may well affect maintenance system's ability to assure safety
important stimulant to increasing shor-term demand for of flight through efficient, coordinated,,motivated and in-

,airlines' need for maintenance (GAO. 1990). In the Past formed action by people doing the work.
decade the mean age ofjediners has risen 21% to about 13
years. With high altitude pressurized aircraft the number of
flight cycles (one cycle includes a take-off and landing) is as A rarallel organizational form often found in aviation main-
important to age as years. Depending upon the specific tenance ignores functional differences altogether (except
model, aging aircraft are defined as those with more than where required by Federal Aviation Regulations (FARs)I and
40,000 cycles. The GAO report notes that the cost of reies on the "master craftsman's" technical .kill aidcompe-
compliance with aging aircraf, ADs may total $2 billion to tence to determine and carry out the work. In today's
sustain and extend the life of this aging fleet. complex maintenance environment, the functional silos, or

master craftsman structures, that have proven adequate in
Inspectors and mechanics need to identify and deal with the past may be breaking down in the present.
fatigue cracks in these old aircraft (especially myriad small
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The safety record of the aircraft maintenance organization with, are the differences across the industry broad enough to
has been adm~rable. But it may be possible to achieve even cause notice? Such differences can furtherbe used to idcntif",
higher performance, with higher morale and more efficient someinnovative, insightflandappropriare alternativestyles,
work coordination. To do so, however, would require more practices, and company cultures. The result of this study
than minor improv'ements on the current system, which general rocommendations to the industry (where possible
seems to already work about as it was designed to. Tnstcad, based on best practices), in the "normal" maintenance,
the maintenancesystem would require redesign, eliminating scheduling, and inspection process, aswell as in management
or.modify/ing sub-department boundaries so that the people style and support activities.
could work more easily together in controlling key technical
variances. 2.1.3 Priur Research

The central purpose for any such redesign would be to better
enable maintenance personnel to control variances where A recent search of pubishod references from the 12 year
they occur, and before they exceed stated limits. An effective period 1976-1988 yielded only 15 papers on human factors
redesign would save time, money, and effort as well. Prior in aircraft maintenance. Ofthose found, many dealt with the
research shows that such an approach, widespread in other physiology of human response. Examples of these include C
industries, could usefully be applied to aviation maintenance discussion oftheeffect of location, shape, or convenience of
(Taylor & Cotter, 1983). cockpit controls serviced bv mechanics (Schmitt, 1983). A

few studies discussed the whole person in context (Lxck
2.1.2 Statement of Objectives &Strutt, 1981; Strauch & Sandier, 1984).

"Tb improve safety,'it is important to improve quality. To A recent article described a maintenance system with dedi-
improve quality we must understand employees' state of cared teams foreach 747aircraftwhichJapanAirLines IAL.)
mind and the organizational and management aspects most instituted in 1985. Individual kizuki teams (it means "air-
affecting that state. This study was directed at identifying plane crazy"), typically 15 engineers and AMPs each, were
these important aspects in aviation maintenance. With the reported to be responsible for overseeing the condition of
support of the FAA, the study undertook field research as a one of JAl.'s 747 aircraft at all times, regard' ; of where it
rapiddiagnostictool tounderstandanddescribethenetwork may be (Ramirez, 1989). Although repo in glowing
ofrelationships, commitments, loyalties, and motivations of terms no specific results or costs were relat.nd.
all role' in air carrier maintenance.

Accounts of successful team-based aircraft maintenance or-
This study used observation and semi-structured interviews ganizations have recently been reported in the U.S. Air Force
with a sample of memlers in significant roles in the heavy (Rogers, 1'991). Improvements in results measured through
maintenancesystem. The non-management employees clos- a series of maintenance effectiveness indicators are reported.
est to the aircraft, during overhaul, arc the airframe and U e n O rb d
powerplant (A&P) mechanic, the aircraft inspector, and the Use 4 new technology. One reference described and re-
maintenance planner/coordinator. These three roles are of ported technical advances in military aircraft engihe designthatcnnc plan developed to make r.el Thesennc dtties role- a:rei: of
special interest in the present study. They are in contact with that were developed to make field znuintnance 4titics "sob-

one another, and together with their supervisors, they have dierrproof" (Harvey. 1987). That refercnre to eiminating
the front line responsibility for heavy maintenance.-'[rough-, the human factor through technology (or at least as much as
out this chapter they will be referred to as aviation mainte- possible) is an alternative to the notion of a system of
nance personnel (AMP). informed derision making and cooperation (cf., Dichl, 1990).

Based on experience in other U.S. worksitcs (e.g., Sloane,
The focus of the study includes not only AMPs but their 1991), it'is assumed that radical automation which replaces
contact with their unions, their supervisors, technical train- human decision making with machines isn't necessary (and
ors, production planning managers, mai'tenancem.-nagers, may be suboptimal) where AMPs can provide timely and
engineers, and others such as mantifactur.rs' representatives informed judgements based on an understanding of the "big
and FAA inspectors. The object of these observations and picture."
int.rviews was to begin to describe the systems ofcoordina-
tion and cooperation used to accomplish safe Pnd effective Technical advances can be adapted to strengthen the main-
aircraft maintenpnce. tenance system's human response to its complex world. For

instance, one air carrier reported refimning a rule-based
i maIaitenance software system, originally intended to directIf attitudes and state 6~fmind are in'fluenced hly flowtheAM l ehnclwrit Pplmettdcs~ upr ol•i::

are organized, directed, coordinated and communicated mechanical work, into' upplemcntal decision support tool.
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Chapter Two

The resldts included retaining the cost benefits of the former Council helped providc access to six of the research sites used
system while improving maintenance quality and mechanic in the present study. Access tw. the FAR Part 145 repair
satisfaction (Mayer, 1987). A spokesperson for the 'arrier station and one ofthc regional rarriers was obtained through
said that this reform has changed the "expert [computer] the cooperation of the FAA Office of Flight Standards.
system" into a [computer] "system for expers." Four additional maintenance sites were approached for

2.2 THEORY AND METHODS participation in thestudy, but could not be visited in the ticme
frame of the study. In all cases the airline executives ap-
proached were extremely busy during the period of the data

2.2.1 The R each Methods - Proccollection and this preoccupation reflected intense activity in

their organizations. This period of overload was the domi-
Site visits. Eight U.S. air carrier and repair station mainte- nant reason that more heavy maintenance hangars were
nance operations were visited. The choice of U.S. mainte- unavailable for observation.
nance sites was based on varied carrier size (including
commuter line carriers), and varied location in the 50 states. Collecting the interview. The interviews began with the

The specific focus 'of the study was the maintenance and first site visit in February 1990, and conduded in August
inspection work process as it relates to structure (primarily 1990. Over 250 technicians, supervisors and managers were
fusdage) repairs in aging aircraft. This focus iadudes man- observed or interviewed. In total, 120 AMPs were observed
agement practices as they may affect the practice of aircraft and met with, 65 foremen or supervisors were observed and'
maintenance, particularly as they relate to the aging flee interviewed; and 80 other informal discussions were held
This sample included so called *heavy," or hangar mainte- with engineers (or other professionals), superintendents,
nance only. In particular, the "C" level maintenance check managers, and higher executives at the sites. Most interviews
proved to be the ideal intensity of overhaul for the present were conducted at the workplace. All data collected are
investigation. The C-check was ideal because it takes long confidential and the names of the interviewees and the
enough (up to two weeks) to reveal patterns ofcommunica- company were not discussed with others.
tion (which are more difficult to observewith the varied a Accounting for PotentialnSources of Error. The interested
short jobs on the flight line), but short enough so that a visit readeromaygwor aote tha effcts that observatinsted
of two to four days samples a sizable segment of it. The C- managers and AMPs haveon the quality ofthedatacollncs d
check is the third-level maintenance check for an aircraft.usually done once a year or after about 2,000 flight cycles. in a study such as this one. Such contamination, when it is
uy2found, is often called the 'Hawthorne effect" or texperi-

menter effect.*
Each company sie visit lasted two to four days. Investigator
impact on employees and management was purposefully as This oncern can be addressed by describing the probable
slight aspossibleý Theinvestigatorworkedlargelyunsupervised =tent and severity of possible contamination. For instance,
and was present on night and evening shifts as well as during AMPs may want to say what they believe the investigator
the day. Every effort was made to insure minimum disrup- wants to hear, or behave in away untypical ofusual behavior
non at the workplace, at work.

The identity ofresults obtained from the individual compa- The issue is whether the presenc of an investigator on the
nies agreeing to participate was promised to be held perma- hangat floor for several days does or does not substantially
nently confidential. In addition, data reports and summaries change work performance, or the manner or frequency of
would not reveal the identities of individual persons inter- contact among mechanics, inspectors. planners, foremen.
viewed or observed. engineers and others. It needs to be emphasized that al-

though respondents were asked to report events or results of
Developing the interview format. An obserefinterviewer events that had passed, the major focus of this reearch wap
protocol 'was created to aid in collecting and understanding the direct observatii ofwhat they wre currentdy doing on
maintenance system, communication data during site visits, the job, on a normal day, on an aging aircraft in the hangar
This protocol was not intended to form i smtcruured inter- for scheduled annual inspection.

view survey, since much ofthe data sought could beobtaiWed
through observation. This protocol formed the anchor With respect to the validity ofthe observations, it is difricult
structure foi obtaining the dara described below, to believe that significant number ofindividual AMPs could

substantially change their behavior during the visit. It seems
Obtaining site acceL The liaison to the Air T even less likely that a foreman or manager could or wouldO n a Te in or suddenly change the work assignmen or coordination Pat.
Association (ATA) Engineering Maintenance and Material
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terns of his crew. Finally it would not be likely that ingrained inspecors in these sites they said either that they remcm-
work habits could be posts med or deferred until after the bered the previous viskt with pleasure, or tlat they barcly
investigator had left. remembered it, or only recalled being told about it ("it was so

The validity of answers given to the investigator's questions brief," took so little of their time, didn't come up in convr-

is presumed high as well. Typically, questions had to do with sat:un with others, or was just "one of many" distractions

the content of an interchange between people, and multiple passing through the hangar). In no case was the JTA study

parties were usually asked about the same transaction. Other visit recalled with suspicion or derision. It is extreme!y'pattes ereusullyaskd aoutthesam trnsatio. Oher doubtfual (given all of this) that technicians or foremen had
questions related to motives or feelings about behaviors of btfu (gienrallofthstaaaterhi iruforehad

selor thes. uchmotvesandatttuds ae epeced o .~' been able or willing to substantially alter their usual behaviorsedfor others. Such motives and attitudes are expected to vary
on the job simply because investigators Were there, observingamong people, but the interest in the present study is on

commonalities among AM Ps. Thus motives or attitudes are a typical day.

not reported unless the same or similar data had been 2.2.2 The Organizadional Model - Socio-
collected from a number of people at the same site. te&.nical Sync= (STS)

In each site visited, the investigator first introduced the
purpose ofthestudy to local management. That purpose was Socio-technd al Systems (STS) is the organizational model
described as "establis",ing a baseline of technician behavior," used in this study to describe aviation heavy maintenance
as well as job and organizational characteristics. After that, system. STS.was devc'oped to help understand purposeful
foremen on each shift were in turn introduced to the study. worksystems in complex, environments. STS assmses "good-
Their cooperation in permitting the investigator to approach ness of fit" among people and technology as they respond to
their subordinate technicians was sought. The purpose of their environment in attaining systems success. STS analysis
these visits was continually enunciated. Considerable time combines a technical systems viewwith a social systems view
was spent helping the respondent (AMP or foreman) feel -to capturethestrength ofboth (Taylor &Asadorian, 1985).
comfortable with the approach. After several dzys of the VrS is a theory and practice oforganizational development.
investigator's return to the same shifts, most respondents in use over 40 years and applied in awidevarietyofindustria,
expressed comfort with the investigator's presence and with world-wide.
the purpose of the study. Once at ease with the intent of the
study, AMPs and foremen then carried on their jobs, with The phases of STS analyses. STS analyses adhere generally
others, as on a normal day. They were very willing to explain to a series ofsteps or phases.'AJthough they may differ from
or darify the reasons or purpose of their acts, interactions or project to project in precise trtninology or serial order the
behaviors of themselves or others that the investigator could phases may be described as fbllows:
not or had not seen. 1) Clearly defining the system's purpose, its values, its

This data collection then. was typicallyseen asa neutral event objectives, its boundaries, and its salient environment
and a mild change in routine for respondents. In some cases - The System Scan.
technicians, foremen or managers expressed interest in see- 2) Identifying the critical or key variances in the product,
ing the resulting report. Departures at the end of a visit were or throughput, which most determine success in meet-
always warm or at least cordial. Call-backs were made to the . obt ivesgapdth ereinesicc mssin
managers at several sites. In no case was negative feedback iThe Tedoj icalt And ysic.

'obtained - the visit had been a neutral event.
3) Examining the role relationships among the system

There exists one coincidental source ofdatawhich confirms members or'employees in controlling the key variances
that the method of data collection used is not stressful or and in cooperating otherwise for the survival of the
confounding. These data result from the occasional overlap , system - The Social System Analysis.
.in sites sampled between the present,study and the Job Task S begins in thesystem scan with the purposeor mission
Analysis (JTA) described in Chapter 3. The study described the enterprise (in aircraft maintenance the purpormses of th
in the present chapter followed the data collection at thr'ee maintenance and engineering systems should be consistent
sites used in the JTA. In all three, special attention was paid with the overall mission of the company), and examines the
to the possible effects of a slightly earlier visit by other field

investigators. The JTA study had been of inspection depart- degree to which there is a common language and common
ments only and the study in'the present chapter deals with product firthispurpo throughout the whole maintenance
the total heavy maintenance system (as far as it includes "C" network. Examples of possible questions revealing mission

checks). Thus there is only partial overlap in the people include: Is the airline the "most p~rofitible," 3e bigger,
the cheames," 'the uiesfyr iln' h hs ;,U,'interviewed or observed at a given site. When speaking with . e business flyer's airhine," the"best v5 ue,"
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Chapter Two

the *safest," the "highest quail -" (either in aircraft, or in overhaul, as in any technical system provide priorities for
service), the "most reliable," or p ',h-,m the "most visible understanding complex work. They are often interrelated,
carrier in its market?" they always reside in the system's throughput, and they can

Public statements of such mission statements (induding be expected in the process of a "normal" day.

communications to employees) areextremely rare in the sites Examples of technical variance; in aircraft repair indude the
sampled. Some airline missions are directly addressed by following:
maintenance performance objectives, but many are nor. Of
coursesafetyand aircraft quality/are maintenance deliverables,
but it is unlikely that any air carriers, in any country, single- Time required for repair tthe longer, the greater
mindedly and ardusivelypursue these ends alone. It is logical priority to start with it].
to tkpect, in many case, that maintenance remains "the Parts availability [identifying what needs replacing
place where highest mechanical safety is pursued at the most early enough to order it cheaply or preclude delay of
reasonable cost.* If this is true, there is little to engage, the repair beyond the norm].
average AMP with the company's overall mission and goals. Nature and/or extent of flaw, defect, or damage
He or she "belongs," then, only to a maintenance shop, [more complexity requires special skills, and coordina-
divorced from the larger purposes of the airline - purposes tion with other skilled members].
which could help provide a sense of context, meaning, work
priorities, and congruence between maintenance and the Visibility of flaw, defect, or damage [less visible flaws
company as a whole. are often detected later and can delay, prolong, ordefer

other priority work].

An exampleis available to illustrate how a public, visible (and Once specific variances are identified in the technical system
presumably believable) airline mission can be connected to throughput, these are investigated to determ ine how they are
heavy maintenance activities. The Japan Air Lines "kizuki" controlled, by whom, using what information. This key
concept of a dedicated maintenance team per aircraft has variance control analysis provides an important opportunity
received heavy advertising exposure during 1990. It is inter- to see the degree current ways of controlling these variances
esting to note from the magazine advertisements that JAL is through effective thinking and behaving may show room for
proud of its "on-time departure record," and that "kizuki ... improvement.
obsession with 747 performance has helped maintain that
record." While similai mission-driven innovations have led The social systems analysis examines the work-related com-
to weli-documented successes in Japan's auto industry - munication among people in an enterprise. It permits de-
ard to various industries in America and Europe as well - scription of the social system as the coordinating and
no hard numbers onrJAL's kizuki system are yet in the public integrating buffer between the technical transformation pro-
domain. Perhaps they never will be. Some U.S. companies cess and the demands and constraints ofa turbulent environ-
(Proctor & Gamble, for one) hold the details and results of ment. The people who are in the most central or focal roles
ateam system approach very close to the vest, on the grounds in the social system are those who are most involved in the
that it gives them a distinct competitive advantage worth -control of key technical variances.
protecting.

Given purpose or mission, it is also ncessmary to be dear In the present study social systems analysis addresses the
about the deliverable or output from maintenance. Is this work-related interactions among people in the maintenance
output consistent with and in visible pursuit of company system. It'isanevaluationofwhotalkstowhom, aboutwhat,
purpose, or is it at odds with'the larger enterprise? These ýnd how it's working. Social systems analysis is linked to the
comparisons are made during the STS "techriical analysis." technical analysis because the most important communica-
The technical system analysis explores the question: "what tions documented are about the throughput and product,
happens to our aircraft as they pass through our maintenance but the social system is also the wider mechanism for flexible
systems again and again.9 'The answers are important to response to a changing environment.
-1ndetstanding the maintenance function as a system, bq.
cause they focus on the results of the work instead ofjust the , . of the data
functional and organizational specialties surrounding the
work.

All data from observation and discussions were entered in a
Key variances (an STS concept defined as facors in the database, coded by "system scan" information. "technical
product throughput, which determine success in meeting system" information, "attitude or meoale" data, and "social
objectives and thereby punuing the basic mission) in aircraft interaction." This lasot category wa,, further coded by the type
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ofsocial interaction specified above. Thesedatawere collated 16 cells of the grid. Apositivesign (+") indicates a favorable
and analyzed by the investigator, rating by the investigator that the communication as ob-

served was helpful or faciltative to the function or relation-
The social system analysis was conducted in the following ships. A zero ("0") means the communication as observed

manner. First, all of the data were combined and the re- was neutral to the functionorrdationship. Finally a negatlve
sign ('-") means that the communication was seen or re-sponses to each topic discussed were consolidated. A y of ported to be detrimental to the function or relationship.these responses to each of the topics were then tabulated by

job title and summarized. The social system analysis focused
on the concept of the social role as the basic link between Thesocial analysiswasthencontinuedxbydevdopinga"focal
organization demands and employee competence and un- role network" (i.e, a map of relationships indicating who
derstanding. The social system was defined as a network of interactswithwhomaboutwhat) that illustrates theaztivities
work related actions and communications whirh are medi- taking place around the AMP and their supervisors. These
ated by the reciprocal role expectations ofindividual employ- networks were constructed basing the distance between the
ees. In this context, all relevant relationships in heavy various roles on the frequencyand importanceof the interac-

maintenance were defined as induding the following: tions.

I) Superiors with subordinates, Defined this way, thcsocialsystem is not mere friendship or
2) Member, of the same work group with one another, informal support, but rather the source of adaptability and
3) Members of work groups with members ofdifferent flexibility in coping with variances in the product, and with

groups within the heavy maintenance system, and the system's complex environment. The demands of this
environment go beyond merely satisfying a consumer mar-

4) People inside the heavy maintenance system interact- ket, or coping with supplies of raw materials, or the other
ing with people outside that system., aspects directly affecting the technical system. That environ-

In addition to these four relationships, attention was also ment is actually'many environments - legal, legislative,
focused on the relationship between ro!e occupants (AMPs) labor, cultural,-competitive, dimatic, and so forth.
and their jobs (or quality of working life), since job related
feelings are stjng determinates -of morale. 2.3 RESULTS AND DISCUSSION

The social system is further described as serving four organi-
zational functions. The four functions that any social system 2.3.1 Evolution ofcommerdal aircraft
fulfills are as follows: an ace, 1970-1990
I) Attaining the systems primruy GOALS (G);
2) ADAPTING (A) to the external environment for During the course of the site visits for the present study a

immediate survival; number of long-service heavy main:enance managers and
3) INTEGRATING, (I) internal environment for man- supervisois described their views ,f the industry. What

agement of conflict; and, . follows ii the remarkablyconsistent picturewhich emerged,
from these discussions, ofthechang, during the 1960s, the

4) Providing for the development and maintenance of 1970s, and the 1980s in airline mai tenance.
the -ystem's LONG-TERM (L) neels.

In the Ine 196Os and early seventi modern jet airliners
'hesc fourffunctions (G, A1. ,L)can'beevaluated in termsof (Boeing 707, and Douglas DC.-8 i particular) were well.
each of the four types of relationships described above, and established in the U.S. commercial fl •er. Douglas DC-9 and
the results displayed in a 4 x 4 grid (a 16-cell matrix of Boeing 727 were newly introduced is smailer load, shorter
fuinctions x relationships) where each cell in-the grid is used trip, but still high altitude higli speI aircraft. At that time
to specify a particular type of social behavior, the organization of hangar mainten nce was guided by the

skill and experience of general foren en. To them reported
The social analysis fi)cuses specifically on the primary rela- shift foremen and specialist mechan cs prepared mainly by
tiofiship% of a "focal role." In this case the mechanics, theirdutytours in militaryaviation. AIreuly included before
inspoctors, or planners and their foremen or managers be- the 1960s began wereschaedulcrs (or ime-keepers) to mnoni-
came the fiocal roles around which the social analysis was tor job assignment documents, and nstrizctors to improve
developed, and broaden the medianics' perfioi ancc and skills or, the

newer aircraft. The oil crisis of 1973 sent fuel and ticket
Based on the responses surveyed, the investigator proceeded. piices up, causing a reduction in pa .-ctigers, and caused
to evaluate the meaning of the data as classified in each of the many airlines to lay-off newer, Iess c perk-nced mechianics.
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By the late 1970s and early 1980stheexperienced mechanics not hired as experts in aircraft repair, but to specialize in
and their supervisors had reached a high level ofcompetence. sheetmetal work only.
Job cards for work assignment had been proven effective and
the process ofstandardizing the worn flow in hangar main.e- In summary. The prominent foreman role of the 1970s,

nance had created a need for a larger role for the "work reduced during the 1980s has reemerged in the 1990s in
planner." In 1979-1980 the further oil shortages, higher fuel order to mange the many new AMePs in the heavy mainte-
prices, the air traffic controllers' work slowdown, and de- nncworkforce. An added complexity is that computeriz-d
regulation all converged to force many carriers to reduce

o h aircr planning systems (including the planners, schedulers, coor-costs further in face of increased competition. Wit. arraft 'diniators who operate them) constitute a challenge to the
maintenance technically under control with an ample and nors w rate them)tconstitte auchoegtof the
competent workforce, more AMP cuts were made. foreman's traditional authority, ad the"authority ofknowl-

edge" held by the "mase:r craftsman' in this industry.
Currently, in 1990, we find reduced numbers ofexperienced
heavy maintenance m xhanics and inspectors - !he still- The remaining results of the study will be presented as
lingering result of AMP layoffs during the economic tLLrbu- follows. First are the unfiltered results as obtained from the
lence of 1979-83;'coupled with the exodus ofsenior AMPs formal protocol developed for the visits. Next are the most
prompted by retirements, promotions, and interdepartment frequent opinions, attitudes and feelings expressed by AMPs
transfers to maintenance shops. Following the recession and during the visits. These fedeings or thoughts are specifically
deregulation, what we find are myriad signs of a cost- those dealing with company and maintenance system cul-
conscious industry - the most obvious signs of which are ture, mission, or values, and therefore contribute to impor-
reduced parts inventories, and the lean AMP staffing levels. tant aspects of the system scan. Third, technical system data
Finally, as we well know now, the fleet of new transport are described which deal with the aircraft and elements
aircraf in 1970 has become "aging aircraft." Together these comprising the "critical path" of theoverhaul. Fourth, the
changes result in the typical 1990 hangar maintenance social system data are presented from the analyses described
organization guided by shift foremen'and/or planners. The above.
latter are increasingly computer-literate and tasked with
digitizing the job card and work planning/tracking system. 2.3.2 Initial Results from the Observation.!
W;th the hiring of new AMPs, and with the increasing Interview Protocol
complexity of n.-w aircraft maintenance, training depart-
ments and their instructors have become once again an The following section describes the overall findings from the
important aspect of maintenance effectiveness. sitevisits, organized bythequestions or items in the protocol.

The current hangar maintenance AMP staff typically has a The descriptions reflect a norm for the sample studied, and

bimodal experience distribution of 30-plus years, and 3 or not necessarily any carrier in particular.
fewer years. There are relatively few heavy maiiitenance I. Contact among mechanics
AMPs with company tenure between those two peaks With
the increase of aging fuselages and A irworthiness Directives
(ADs) to attend to them, the greatest demand for new a. How many mechanics are working together on

mechanic- has been in sheet metal rerpair. Thus most sheet this aircraft?
metal mechanics are new, and most of thcse are young. Many
sheet metal mechanics hold an A&P license, but are new- About 25 mechanics work together per shift for
comers to the field, having done other work first. In mahy a total of about 75 mechanics total on the
cases these hew AMPs do not have military experience, and average CCheck.
if they do, they are not necessarily immediately qualified for
A&P work with commercial transport category aircraft. For b. How many subgroups are employed on various
instance experience as a military aviation crew chief provides jobs on the same aircraft?
limited but deep experience in weight & balance;, while
repair in helicopters provides minimal understanding of Between four and six maintenance sub:rodops
repair on pressure cabins. There are also some AM Ps who are employed on various jobs on the aircrati
come into airline maintenance work after spending time in duri'ng overhaul. These subgroups consist of the
defense-related and/orcommercial aircraft manufacturing, occupational s-ecialties 9 f sheet metal mcchan-
They ,usually know little about repair, although they are ics, riggers/general A&lP,cabin mechanics, clean-
often very competent in sheet metal riveting. While someof ers; and sometimes painters, and contractors
them may know'little about repair, many AMPs today are (specializing in particular repairs such as fuel

2a2ks).
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c. Are subgroups involved in the overhaul that No formal meeringsofmechanics was otherwise
indude occupations other than mechanics? noted, although some'sort of monthly (or less

fiequent)'meetings with their AMPs were re-

Other regular subgroups or occupational spe- ported by foremen in nearly every site.
cialtits involved in the normal C-check are in- f How much informal contact among mechanics
spectors, parts or materials clerks (two or three to (and other AMPs) is there during breaks and
a group), and planners "r coordinators (usually lunch?
organized in groups of two to four).

Considerable informal contact was observed

d. Did the subgroups meet together or reform amongmechanicsduringbreaksand meal times.
themselves so that mechanics work with various Typically, this took the form of conversation
others during the period of th, visit? among friends around the picnic style tables in

the break areas. These groups did not often
These groups were not observed or reported to exceed si or eight people and were usually
meet together as such. The subgroups dt, not smaller. Regular diques of larger and mutually
change themselves in composition during exdusive groups were seen or reported only
check although they may change in membership
as usual member. rotate through ther indi-

vidual shift schedulm, or work overtime on
another shift. Occasionally a mechanicwas reas- Even more i -,'ormal contact was noted among
signed by the foreman to work with mechanics inspectomThirshiftgroup size is smaller (about
in another subgroup, or a foreman would re- 6-10 in the typical carrier) and this makes it
quest all available members- of a subgroup to, easierfortheentire finctionalgrouptosit around
assist in a task to which they normally would not the same table before shift, and "swap stories."
be assigned. Planners tended to stay to themselves and took

e. How often do the mechanics (or other AMPs) breaks with neither inspctors nor mechanics.
meet during the visit? What is the content of the
meetings, How large are the meetings, How g.' How much contact is there among mechanics
long are they, When do they fall in the shift, betweenshifis,Aremeetingshddbetweenshifts.
Who conducts the meetings? Who attends these meetings, Who conducts

The frequency of formal meetings among me- them?
chanics during the visit varied widely by site. In Lite to no contact between mechanics on dif-
one case, all mechanics on a crew are brought ferentshifis took place. In nocv.ewere meetings
together daily (for about 10 minutes) at the between mechanics from two shifts observed.
beginning of the shift by their shift foremen.
The content covers the range from the day's
work and asignments, to what's new in the care with counterparts on other shifts. In several
'company, to personal items about people on the sites their shifts actually overlapped by an hour'
sh~ift crew. or more, so they could work together. Generally

inspectors on the same shift took part in meet-'
ings (daicyor!ess rrequently) conducted by their

In another site a weekly saf.-ty meeting was frteman.
observed where the foreman spent a few minutes'
at the start of shift reading to all inspectors on Planners usualyalsomct theircounterpars, and
that crew a safety memo prepared by the vice- the foremen, on other shifts to discuss work
president of operations. asignments..

In another site, a shift inspection foreman ar- 2. Contact with Foremen
ranged a brief meeting between all of his inspec-
tors and the 'investigator. This was really an 2 How often are foremen in contact with indi-
extension of the otherwise informal "get- vidual necinics on a day basis?
togethers" inspectors held beforeeach shifi.These
informal meetings cfinspectors, and ofmechan-
ics, are described in more detail bdoiv.
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Maintenance foremen are incontact with each b. How often do inspectors and mehanics talk
mechanic an average of three times a day. together about the aircraft they are working on?

What is the content of their conversation; if it is

b. How much foreman contact during v . not advice or direction what is deliberated, andb. Hw mch fremn cntac duingthe isi iswhat is resolved?
work assignment? How much is work guidance?
How much is administrative (payroll, vacation Mechanics' face to face contact with inspectors
scheduling, sick leave)? How much is training? averages three times a day in the larger sites.
How much is disciplinary? These contacts are usually requests by the me-

This daily contact primarily oncerns work aschanic for the inspector to "buy back" or ap-

signment (unless the labor contract restricts this prove a repair.

task to lead mechanics, as it did in two of the A mechanic following a non-routine defect re-
eight sites). Other usual reasons for daily contact port is in reality in indirect contact with an'
include work guidance or instruction, and ad- inspector who ea lier deteu:mined that the defect
ministrative matters. required action. Sometimes the mechanic and

foreman would contact the inspector or QC
In the typical case about half the foreman's foreman to darify the request, or to withdr-aw it
contact with a mechanic is work assignment and for cause.
reassignment during the shift; about one-third
involves work guidance/instruction (especiallyin hesallropratonsanabot oe-sxthLsC. How much training do inspectors provide me-
in thesmalleroperations), and about one-sixth is
administrative (payroll, vacation scheduling, and chanics during the visit?

sick leave). A small proportion of time was
observed in employee discipline. Training varied greatly among the sites visited.

In some large carriers, inspectors were sought

3. Contact with Inspectors out by mechanics for adviceor instruction,while
in others (particularly in larger carriers) the

e iinspector's role was limited to inspection only,
a. Does this carrier have a separate inspection staff and mechanics were kept at a "social distance."

and department? If so how often do inspectors Advice and instruction were dearly a part ofthc
and mechanics talk to~gether in general? relationship between ,the combination inspec-

Separate inspection departments and staffwere tor/mechanics' and the mechanics in the smaller
found in all of the major airlines visited, the carriers.
repairstation, and oneoftheregional airlines. In d. How much informal contact between inspec-
the two smaller regional airluires (but operating tors and mechanics is there during breaks and
aircraft large enough to be covered under FAR
Part 121) a separate quality control (QC) de- ' luncht
partment existed, but had no inspectors dedi- Very litte informal or non-work contact was
cared to it full time. In these sites certain observed in the larger'sites.
mechanics were authorizedi to act as the inspec-
tors foe the QC department. These inspectors 4. Contac with upper management
were usually the most experienced mechanics
and often acted as lead mechanics' or assistant
maintenance foremen as well as inspectors. a. How much contact was noted, during the visit,

between AMPs and upper management (from

In the larger sites, mechanics usually try to speak maintenance management, or elsewhere in the
directly'with inspectors about quality matters, company)? IThis can include memos, video
In the two smaller sites the contact is much more communication, electronic mail, and"waving as,
frequent because the inspectors are also a they pass through," as well as face to face corn-
mechanic's colleagues or mentors. munication.)

In one large overhaul operation, multi-media
communication from upper management was
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virtually continuous during the visit. This in- 6. Contact with Trade Unions
duded video monitors outside the cafeteriashow-
ing current news stories of relevance to the a. If employees are represented by a union, how
company; a company newspaper was available; much contact between AMPs and their union
wdl organized bulletin boards containing an- rep, and/or inspectors and their union rep was
nouncements ona variety of topics; plus (during noted or reported during the visit? Whatwas the
the time of the site visit) the president made a content of the contact?
series of'hagar briefings" to personally inform
employees and ike questions about important In sites with trade union representation, AMPs
upcoming events, were in informal contact with their local stew-

In the other large operations visited, communi- ards often on a daily basis. In larger sites, where
cation from upper management was limited to mechanias may not be able to sit at the sametableo with ape unionen was~-riav dimited brak
written announcements (posted on bulletin table with a union representative during breaks
boards, or read out b: ,oremen or supervisors in or lunch, the contact was less frequent. In the
meetings), and in company newspapers. In more largest sites visited, the urfion officials had their
than one site, many AM Ps could not remember own office space allocated near the hangar work
the name of the company's president. area and tended to remain :here. Few AMPs

were seen in contact with officials in these officesduring the visits.
In the smaller companies, upper management
was visible in the hangar during the visit, and it b. How much contact was noted or reported be-
was reported as normal for the owner or presi- tween union representative; ar,d management
dent, and his management stafl to drop in (including maintenance foreman) during the
several times per week- Such visits were not visit?
reported to involve work-related communica-
tion between AMPs and executives. Some contact by union officials or stewards to

foremen was observed. The content induded
5. Contact with FAA Principal Maintenance bInspc- questions a2out work assignment and potentialtot (PMw ) jurisdictionaldisputes, personnel issues and ben-

efits.

a. Is tbkrea PMI on site? How often areAMPs and 7. Contact with Trainers
maintenance foremen in contact with the PMI
during the visit? What is the content of their a. How much conta, between trainers and me-
conversation? What is the setting (meeting, in chanics, was noted during the visit? What was
the plane, in the break room, foreman's office, the nature of this contact?
etc.)

In several ofthe larger sires, experienced mainte-
A PMI was seen in the overhaul area at twosites. nance personnel (often dose to retirement and
In one case the PMI spokewith day shift inspec- recently trmnsfenu to training or planning de-
tors, at the aircraft, about the non-destructive partments) were assigncd 'On the Job Train-
inspection (NDI) task they were doing. In the ing" (OJT) duties In onlyoneofthesesites were
other the PMI discussed repair procedures with theseOJTtrainersobserved in thehangarand in
maintenance and inspection managers, both at contact with mechanics. In that case mechanics
the plane and in their office. (The number and reported benefiting from the OJT trainers' ad-
duration of the observation visits made it diffi- vice or hands-on instruction.
cult to know how often the PMI was present)

Mechanics often doubled up for training, and
the more experienced were directed by-foremen,
or sometimes requested by other mechanics, to
provide OJT.

25



Chapter Two

Thesame relationship was noted among inspec- pilot and crew. Limited in formation about the
tors. OJT was requested by less experienced overhaul was formally transmitted to the flight
inspectcs, directed by QC foremen, or offered crew.
by the more evpefienced AMP. In the smaller sites, frequent contact was noted

b. How much contact between trainers and in- between flight crews and AMPs. In addition to
spectors, planners, and/or foremen was noted written communication in the aircraft logs, pi-
during the visit? lots would sometimes verbally describe the per-

formance of the plane to a lead mechanic' or
No formal trainers were spen in contact with inspector. Mechanics or inspectors sometimes
either inspectors or plan nersicoordinators dur- accompanied the flight crews to the ramp for
ing the visits, since formal training is conducted engincor systems run-ups; or actually joined the
at the training site. flight in cabin orcockpit The information passed

Classroom training for new mechanics was usu- in these flights often dealt with cabin pressuriza-
ally going on in or near the hangar during the tion and door seals.

visits. Typically, Formal trainers or teachers con- 2.3.3 Common Attitudes and Opinions: The
ducted these dasses. system scan

Classroom trainers occaiionally contacted shift
foremen in the latter's office at the completion of There were similarities, across the various sites visited, in how
a day's course or segment. AMPs saw things and felt about them. These common

c. Was any kind of training provided during, or attitudes can help yield a systems scan of the 'typical" heavy
immediately preceding the visit? Was that train- maintenance systems sampled in the present study.
ing specific to the repairs on the visit aircraft? Organizational purpose and mission, In all sites, a typical

As noted above, nearly all the laiger sites visited statement was, "everybody wants quick turnaround.*
were in the process of aircraft orientation train- Whether thiswas cause forAMPs' frustration, or stoicism, or
ing for new mechanics. At some of these sites, pride depended on the degree to which they saw this as
other'mechanics'classes were underway, dealing realistic and relevant. AMPs observed in this study con-
with more advanced topics or recurrent training. scic-isly accepted safe and fast turnaround as relevant, bitt
In all cases, this trairingwas related to aircraft (as not always realistic. Most sites visited hac no explicitly stated
distinguished from safety training, personnel or maintenance mission, beyond finding and fixing flaws as
communication, or administrative matters). directed.

In the smaller sites, no formal training ,as In one site visited AMPs' immediate work assignment and
observed orreported. Thesesites had no train ng the larger mission seemed dearly connected. In this site,
departments or dedicated specialists for instr .7- maintenance foremen held a briefstart-of-shift mectingwith
.tion. their crew. In these mt-ings the foremen described the work

to be done, the system's performance to schedule, and made
8. Contact wit Flight Crew(s) (or explained) general assignments. Mechanics had usually

obtained the job cards from the scheduling window before
a. Was information passed from the flight c or the meeting and would go on togather materials and tools at

cabin crew to anyone in maintenance about is its cotidusion. During the meetings AMPs had theopportu-
aircraft? If yes, who was the maintenance c n- nity to query the day's assignment and the overall scope of
tact;, and what was the content, form (for al current aircraft in for overhaul. This was the only one of the
report, note, .race to face, etc.), and timing of e sites visited in this study which revealed a strategy of mainte-
communication? nance which was both acknowledged and successfully pur-

sued by AMPs. AMPs and foremen at this site took pride in
In two cases in the larger carriers, was a fli t airworthy repairs and fast turnaround of the aircraft. They
crew observed in contact with heavy mai te- reported that they made a direct contribution to the eflicient
nance hangar personnel. These wcre cases wh e and timely delivery of quality aircraft..
the finished aircraft was being released to he
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In several other sites the work was arranged :o that AMPs in the performance of the work. This control of behavior is
continued a job from one day to the next, without turning it som-t imes structural, combined with behavicnrl norms, and
over to another, .uft.Aithough their mission may or rr y not sometimes the norms themselves, ever time, can yield con-
be dear in these locations (and rapid turnaround was never trol in one group over the others. When control over one's
seriously believed as important by AMPs there) the AMP acriors isdiminished, "ownership"orprideofwork declines
could usually feel secure in knowing what was the job at too. In the present study, this lower pride was sometimes
hand. associated with lower carenattention to the work - Icading

to slower work, fewer "buy-backs" by inspectors, k1wer
2.3.3.1 Organizaional Cuture morale and higher reported employee turo,,er. Usually the

struggle for control over maintenance work was found
between maintenance and planning.

Hackman, (1990, p. 4 9 5 ) has reported that even though the
advantages'of teamwork in the cockpit are widely recogn ize.d Computers and control. hlie struggle for control takes on a
in the airline industry, the culture of that industry still different and more complex dimension as computerized
emphasizes individual rather than team aspects of cockpit planning becomes morecommon. Control by the computer
work. In the present srudy it was found that this sameculture can take on a life of its own, seeming to rise above both the
influences the maintenance functions as well. Aircraft me- nmaintcnanceand planning peoplein its rigidityand singular
chanics areproud of what is called their "macho" style. And fcus. In somesites both maintenance and planningseemed
:rdi-idual licensure and personal liability has, in some cases, confounded by the computer-based system of work plan-
had an added effect of making AMPs and their supervisors ning. Complaints were heard primarily about the quality of
less willing to share work across shifts, or with less experi- computer-produced job cards and the abscnceof associated
enced or less skilled colleagues. The resulting performance is graphics. Other complaints werevoiced about the rigid
slower (actually incurring delays when key employees are decision models the computer used for scheduling.
absent), and the ability of AMPs to exchange ideas or
information is sometimes limited. This restricted communi- Atitudcsabout training.Youngcrworkers' attitudes toward
cation further supports traditional emphasis on the indi- recurrent training are mixed. In companies where some
vidual contributor as the basic work unit. trainina: .'rovided they wanted more, in those that didn't

provide nmuch training, theAMPs didn't complain (but they
literally may not know what they're missing). Many older

Another par of aviation industry culture is the passion for AMPs were able to describe the OJT procedure 'and its
flight. In the past, the aviation industry could aptly be called paperwork (they usually knowit wcll),bur theyalsosaywhen
"boys' own airplane club," because the people who chose it they show younger guys something, it isn't long before they
loved airplanes, and flying. It was a boys' dub, in heavy "think they know everything." Such younger employees'
maintenance at least. Even today few women AMPs or attitudc toward training, iftrue, ,ould work, over time, to
managers were seen during the visits. The.airplane passion, stifle the amount and quality of OJT.
however, has largely gone the way of wooden propellers and
fabric wings - held only by the long-time employees and Occupational Safety Practices. Safety is important every-
few of the new-comers. From the top to the bottorn jobs, where., but practices vary widely. At somre sites, it was
people today join airlines for many reasons beyond the love assumed that if 'no accidents have been reported, ihen the
of planes. This dear shift plsp other changes in labor force saWitr policy is okay. At one site, safety policy required leads
confounds thelong-serviceemployee. OlderAMPsaresome- complcting a start-of-shift check list on houekeqeing arid
times dismayed with the newer mechanics' acquired skills, safcty each day. In another, the foremen reported that they
their laissez-faire attitude, and their higher turnover. "llie hoid .30-minute safety ieetings with their AMPs oncr a
new mechanics often profess to"liki it okay here." but admit month. Yet another site had a new operations vice president
they are not "excited" about it. Insomeofthesitesvisited the who, among his first official acts, required weekly safety
company's reputation is of little concern to them, bh'ause rem indersessions.Anothersiteusedblarket nrlessuchasnot
manycan see themselves as moving on to other companies or allowinfi tennis shoes on theh-ase. In so'me sirsthere is much
even other industries. These contrasting attitudes suggest a safcy cquipment around. S,,di cqulpmert iricludc-s auxil
cultre undergoing a considerable transformation. iary lighting, ovc.rhIad ciblcs and harnesses for working on

the aircrnfi crown, safiety rails on scafftOlding, prontctive
2.3.3.2 Control over Work Assignment clothing, nhoer gloves. saftay glasses, safety shoes, car pl ,

respirators. Somei safety posters were in evidence. It ws

An organization can havea clear locus ofcontrol, whethcr or gratify;ng that at a personal level mechanics and impectors
nor i: has a mission or conscious purpose. Such control is were often scen to rcmind their co-workers to act sitdly. At
invariably in thecontrol ofother peo1es'pl acivities, erspciall several sites, foremen were observed rcfiisiný to assigri work
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totheirshiftinunhealthycondirions(e.g.,wherepainting~or inspecxting and treating corrosion-prone areas, to control
paint stripping was going on nearby). these variances in advance which prevented "surprises" later.

If used aircraft were acquired from other carriers, the special

In the main, personal safety in aviation maintenance is not efforts to copewith their new-found corrosion demonstrated
the quality of the original fleet and the positive efforts ofalwa ys em phasized to the degree seen in other industries. co r s np ev ti n w nit sem l y dSomeexaplesaretha AMP ~ o ~corrosion prevention when it is employed.Some examples are that MANr~ were observed to ".Ake indi-

vidual responsibility for spreadirg absorbent ay on oi At some other sites visited such variances were not as well
spills, but only after somebody slipped. Several sites evi- prevented, and might not be detected in the preliminary
dence avreyocasa lig -htwih sport shoes. In'others,en a vaiety ocasu ihtweight rinspection. Occasionally the extent of a defect detected
few AMPs wore earplugs or muffs, were seen not to use doverhead harnesses when working on the crown, and made during preliminary inspection (particularly hidden corro-

little use of auxiliary lights (in Favor of many flashlights). sion) would no be revealed until late in she overhaul. An aSome of the foremen observed were very attentive to safety majority of the sites visited, corrosion (particularly when
Ssues during thevisiand obsoer were ner. tosa accompanied by fatigue cracks) and sometimes ramp-origi-
issues during the visits and some were not. nated damage to skin, baggage doors and holds resulted in
Housekeeping in the overhaul area. In several of the sites repairs that required more than the originai estimated time.
visited, one can walk to stores or break areas only by passing This optimistic time estimation (coupled with poor coordi-
through dimly lit, cluttered areas, with hoses and wires in nation or miscommunication between shifts or with shops,
profiasion on the floor. Despite the frequent attention of orfiom engineeringorQCwhichledto rework at least some
janitorial crews, hangars at several of the sites visited were of the time) meant that there was some kind of regular
dirty, dusty, or oily not only on the floors but on other "surprise" that thwarted AMP efforts to complete the over-
surfaccs'too. Work areas where AMPs demonstrated a pride haul on time or in budget.
in deanliness or tidiness were noted in only about half the
sites visited in the present study. Some keyvariances in aging aircraft [e.g., multi-site damage

(MSD), or extensive corrosion to aircraft structure] demand

2.3.4 Tdhnmal System Findings special knowledge about structural repairs to adequately
fulfil either 'damage tolerance" or "fail safe' requirements.
The exisrence of several such variances on the same aircraft

Planning the ovCrhul' How the work is planned and were observed to require the simultaneous employment of
performed in heavy overhaul of aging aircraft varied among very high (and scarce)AMP competence, and a considerable
the sites visited. In about half the sites the day-maintenance degree of engineering or shop support. During thesespecal
foreman was responsible for assessing the extent of repair work reassighments progress on other aircraft in the hangar
necessary, aid managing the course of the overhaul, follow- was sometimes d.ayed.
ing the preliminary inspection by the quality control (Qn)
department inspectors. Sometimes the planning group, in- 2.1,4.1 Organizational stuvctur and work
stead of the foremen, was responsible for scheduling and peformance
managingtheoverhaul. In one case QC had taken unwitting
control for managing the "C check, through dose control of A certain degree ofcoordin'ation difficulty and miscommu-
the issuance of job carcs, nication results from the way the systems were structured.

'Key vanances in aging aircraft large and complex repairs
were often called the 'ritical path" for the overhaul. Defects What differences do variations in the organization chart
such as cricked doors or door frames, or extensive corrosion seem to have on maintenance performance? What stnrrcturl
offloorstructuresorpressure bulkheads were usually judged similarities do companies 'n the sample share which may
ascritical itemsorkeyvaria.-cestoplantheoverhaularound. threaten to impair their currently enviable performance
Key variances do not always require the most time consum- record?
ing repairs, but they may dcmand exotic parts or special
engineering planning, or intricate scheduling of other re- Some heavy maintenance is organi;ed with maintenance,
pairs. materials, inspection, and planning/scheduling function: all

reporting to separate vice presidents. In other companies,

Management in several carriers expressed particular pride in scheduling and maintenance report together at a lower
corsion control programs they had dvlo inhous. organizational levd. In yet others, materials department

Those programs were later confirmed by AMI's, who said reports to the maintenance organiaation. 'hlie differences

that the company was willing to spend extra time early, are reflected in the degree of cooperation among the depart-
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ments and the degree ofshared purpose felt and expressed by tages simultaneously for maintenance effectiveness. Me-
incumbents. hanic overtime and high use of temporary labor in several

sites were both observed to be effects of a lack of planning.
Mechanics in turn felt part ofan "ad hoc" organization withDifferences were found among the sites in organizational ltl blt of rcs rp a o vri • O cso al

structure (chan of command, span of control). Where I little ability to forecast or plan for overtime. Occasionally
sru nctiol ( chain s of istmad, communitons. W e foremen were observed not to notify theirshift replazementsstrong functional chai'ns existed, communications between ofA swohdcle nsc s meti•husbeo.

strongofAMPs who had c~lied in sick -sometim hours before.
AMPs in theseparatedepartmentswereoften limited. Stores, The resulting lack of control of initial work planning for
shop, and toolrooms weresometimes seen, orwere reported, maintenance foremen and scheduling supervisors caused
to act unsympatheticaly or unsupportively to maintenance's, them confusion and frustration.
need for parts, components or tools. For instance urgent
parts shipments were observed to arrive, and mechanics or Many of the sites visited displayed Affects of expectations of
their foremen were not notified of this by stores within the maintenance about stores. Typically, AMPs expected store-
same shift. Communications breakdowns berveen those keepers to be uncooperative, unfriendly, orslow; and main-
chains were never, during the present study, seen to compro- tenance supervisors expected stores to be often out ofstock,
mise aircraft safety. and slow to reorder frequently used parts and supplies.

Whether by self-fulfilling prophesy, policy considerations,
To minimize that possibility, however, the industry must or by structural arrangements, the materials functions were
continueto invest additional time, effon and money in crTss- often in a defensive posture in management meetings and at
functional communication and controls. the parts counter because parts and supplies were not avail-

Separate reporting structures were usually found to create able when needed.
struggles for power and authority among deparnmenri (e.g., 2.3.5 Socal System Analysis Results
maintenance, supply, shops, and planning). Such conflicts
are resolved in a variety ofways, but they usually result in one The social analysis involves the examination ofthc roles and
department gaining a degree of control over the other., In rdationshi within the whoJ: work process. This activity
those cases where maintenance retains control over pan- Inactually includes mapping both the persons who havework-
ning, the foremen and mechanics often express a sense oftriumph, and planners ar~d coordinators fel some (usually related interactions in the system and the reasons for thati s contact. Because a comprehensive analysis of all positionsminor) distress at their perceived decline in significance. woukd be too time consuming. the socal analysis focuses

upon the role or roles most involved in the control of key
Where planning is the more powerful department, the variances, based on the assumption that every organization
planners were seen to act apprehensively (and often defen- exists in order to meet the short-term goal of producing its
sively), and QC and maintenance foremen and their AM Ps product. This is the social system analysis, which maps the
feel confused and frustrated. In thsic cases, the planners and/ cooperation and coordination undertaken between the focal
or coordinators controlled job cards (and thus job assign- roles and others within and outside the work process. The
ment), and access to them by any others was strictly discour- focal roles identified in the heavy maintenance operation are'
aged. In these several sites, high control of repair by planning the mechanic, the planner, or the inspector.'
was seen todiminish the pride ofownership and co)mpetence
that mochanics, inspcctors, and their supervisors felt. lan- Everyorganirationexistsinordertumeet thtcort-term goal
ters described their major function as 'responsible for the (c) of producing its product. However, in doing so it must
aircraft." while maintenance was seen as merely responsible not adversely impact its capacity to survive ax in organiza-
for completing repais. A,.csiared widt mechanics feeling of tion. To do so it must i.dapt (A) to, and we protected from
lower pride was lessened care/attention to work performcd. short-term 4hanges i.nd prmssuir in its imm-,ndiare environ-
"(Gcxod enough to be safe is all we can manage,' was heard merit. It must aluo comhine or integrite (1) activuts to
frorn several mechanics in the sirs where planning con- manage internal conflic- antd to promote smooth interac-
trolled w,,rk asignment. tions among people. Finally, it must ensure the lhomg-tcrm

(1.) development ofk'owkedge, skills.atd mntvatiroi to (upe

2.3.4.2 Differences in behavioral no-ns and work with goal-rclatcxl, envirtiimcrntal anti sytems rpciirrmcnts
in the fimtre. In the socci.d analysis, the lettcrs (G, A. !,1. are

Performance usexl to indicate what type of fim.ctons are afL•.ix' in

contacts among people.
Norms are customnary lWhaviors, not ncczs6aly based on
xPei.y. Norms of work assignment, or of nian.ging AMP

.abs'nces and overtime c in have advantages and dis.alvan- -
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Many organizations have separate departments to perform Row A (Table 2.1) reveals that there is very little contact
these functions. For example, industrial engineering, plan- among focal roles and other members of the maintenance
ning, personnel, and training departments can have the system about matters dealing with relevant outside environ-
formal respe i.sibilities for one or another of the four basic ments. Some foremen mentioned that cooperation in bor-
functions. Typically this specialization acts to narrow and rowingorlendingsparepartsisgood between the maintenance
limit the ability ofother employees to act appropriatelywhen departments of different carriers.
a response from them in that function is required. The only
da.ar exception to this are training specialties because the Thesamepattem, found in Rcw G,offrequent but less than
expert trainer serves to enlarge the roles and response reper- effective communication between mechan;cs or inspectors
toires ofindividuals without complicating lines ofcommand andothers in the maintenance system is repeated for row "I."
orthe allocation ofresponsibility. Not surprisingly, perhaps, Those contacts affecting systems integration (coded "I" in
a good many of these functional behaviors are performed Table2.1) had a larger proportion of negative evaluations in
through informal activities at the level of the focal role. Not peer group and supervisory communications than did con-
only are these behaviors infori.,al, they are often unrecog- tacts for goal attainment. Rows "G" and "I" in, Table 2.1
nized even though they may be more frequent and more provide evidence for the observation that AMPs work with
influential in affecting performance than the existing formal strong support and guidance from foremen and other mem-
methods and policies. The task for the social analysis is to bers ofthe mantenancesystem, but theirwork relations with
better understand the ways that these necessary social system co-workers in the same occupation is !ess developed. Me-
functions actually get carried out, and to evaluate how chanics do talk to one another about opportunities and
eff•ctive these methods are for satisfying the human and requirements for employment at other carriers, which if it
technical requirements of the organization. helps an AMP make a decision to resigr: -ould surely be

considered 'disintegrative" for the current employer.

2.3.5.1 The Socal System Grid
Row L in Table 21 reflects a need for formal training

The examination of the presence or absence of a fixed s3r cf programs, a small management role in on-the- job training,
lunctional relationships in a social system is aided by charting and a limited, though high impact role for AM Ps in training
them in a way t&at combines bo~th the four functional co-workers in their same occupation. Most mechanics and
requirements (G, A, I, L), and the particular relationships inspectors said they obtained OJT from senio- employees.
(vertical and horizontal, inrernal, and cross boundary con- However, in some situations there may not be enough
tacts) describing the work process. This combination is experienced technicians to ensure that there is enough high-
charted in a 4 x 4 table or 'grid" of social, relations. quality OJT for the junior personnel.

Table 2.1 shows an overall evaluation of information sum- 2.3.5.2 Focal Role Network
marized from interviews and observation classified by the
fouressential social functions. 'Table 2.I presents evaluations The .6folrole analysis" maps thework-related communica-
of those typical contacts observed, and an approximation of tion between dlc focal role(s) aid others in the work process.
the rdative frequency of those contacts.

Table 2.1, row *G," reveals that communication about goal The first figure that follows shows the general role network
attainment is frequent (many contacts were coded 'G"), but (displaying the common pattern) for all sites visited. Subse-
effective only to some degree (about 20% of the tutal goal quent figures show specific differences in three dffcrent

* attainment contacts were evaluated by the investigator as situations revealed during the ske visits. The networks each
positive. while about 400% each were evaluated e;thcr neutral reflect a norm for thcsample studied,and niot necessarily any
or negative in their contribution to maintenance perfor- cartier in particular. T1e fital roles identified in the heavy
mance). ovc.naul maintenance systeni sampled in the present study

are the mechanics (both sheet metal and A&P). or the

Mechanics and inspectors pLy a central role in accomplish- piannersorcoordinarors,ortlhe insptors involved in a "C"
ing the essential t-sk or missionof rrm.intenanc. Tilhe r(dsts check equivalent on an aging aircraft.
in Table 2.1 indicate that these AMPS play this central role In all cases their leads, foremen, or supervisors are also
with considerable guidance from their fo~remen, with somt considered focal roles. In the role networks displayed here
cooperation from others in their work group, and mLch (FigursO,2.1,2.2,and2.3),theshorterl~cngth ofthelines
direct contact (although some of it is negative in outcome) betwee roles reflects a higher frequency of communication
with other employees in the maintenance system. observed."liearrowsindicateonewayot wo~waycoimu-
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nica.tibn obscr!,5d. Dou£ , arrows pointing in opposite di- plishment. Lead mechanics kept their foremen informed of
rmtions (e.g., Figure 2.2) denote equally-frequent initiation progress throughout the shift. Occasional), t.e leads or
of essentially one-way commut, ications. planners would also tell foremen of AMPs whose perfor-
The relationships di.'ictd in kgure L.O (the common mance was below standard. Foremen acted to guide and
panterr ofcommuic~rion found in all sites) are repeated in reward good performance, and to understand and correct
the following dtree figures, but in lighter contrast to enable substandard performance. Maintenance foremen also kept
the reader to more rea.lily see the unique communications in close touch with QC fcerrzm to discuss approval of
depicted in each figure. complex repairs.

The igr-res 2.1 and 2.2dispiay two major communication Less effective use of goals and communication. Several
patterns observed during the present study, and Figure 2.3 examples ofless effective maintenancesystemswereobserved
dispiays oneuniquepattern (observed in onlyonesiteduring during the visits. These were systems also typified by the
this study), for contrast. Figure'2.1 deFicts the web of network in Figure2.1,wheremaintenancewas in control of
frequent contacts in several sites where the maintenance workassignment. Inoneoftheselesseffectivesires, amission
department (maintenance foremen and their managers) are for maintenance (beyond airworthy repair of aircraft) was
in control of the AMP work assignment process. Figure 2.2 unknown to AMPs: litde urgency for timely work comple-
shows an alternate network of frequent communication in tion was observed, and management urged expense contain-
sites where the planning department played a major role in ment.
mechanic and inspector work assignment. Finally, Figure
"2.3 displays the unusual case described earlier in which the
•QC department ontrolled work assignment. In other less effective sites, disparate goals were set for thevarious departments in the'maintenance system. For repair,
Figure2.1 portrays a composite of typical communications overhaul turn-around times were set too high for a largely
patterns in thesiteswhere maintenance is in control ofAMP inexperienced work forceto meetwithout an unusual degree
work assignment. Figure 2.1 shows frequent contact be- of cooperation from materials department and the shops.
tween maintenance foremen, leads, and mechanics. In addi- Materials departments and shops in turn were given goals to
tion it shows dose coordination between maintenance and contain costs, and therefore could not respond to mainte-
QC foremen. Finally, Figure 2.1 reveals a close (daily) nance demands by always having needed parts in ready
interaction among all executive managers responsible for inventory.
supporting the maintenance effort.

Inspection goals could also conflict with maintenance as
This kind ofcommunication pattern is particularly effective illustrated by the number of rejected, "non-routines" al-
in maintaining aging airciaft when there is a dear mainte- lowed by QC management reported in several sites. Some
nance mission that is supported from above, and when inspectors required engineering variance: authorizations
foremen, are in dose touch with AMPs. (EVAs) for reportedly minor deviations from structural

o repair manual (SRM) repairs. Where multiple and conflict-
foremen were-proudof thieirg. on-tsime a td. high' qualiy ing goals and missions were set, and management continuesSforemen were proud of thei r on-time and high- quality C"to press for them, time and/or cost performance would

cekcompletion~s and this mission was supported by upper topesfrhmiead/rctprimnewulChecounecessirily slip. Besieged by conflicting demands foremen.
management. This site is the moedd for the network shown tended to ignoreAMP training, or coordination between
in Figure 2.1. At this site the foremen hold a brief meeting shifts, orforward planning forsparepartsacquisitionalrmost
with their AMPs at the beginning of each shift, in which a all ofwhich alienated AMPs, andwere rqpded as leading to
focus on purpose is maintained by describing status of the lower cost and pefArmace-tw-dme results. The cycle, once
ainrcaft in the hangar, the critical aspects for timely comple- loecstadprrm.cet-merut.Thccenein those haircraf, and brieytclasp nin wor k assignpe- established, apparently continues in these siteswithout reso-
tion of those aircaft, and briefly explaining work assign- lution.
ments. In this case, mechanics have usually already obtained
the job cards from the scheduling window, and immediately
following the meet:ng. they go on to the storeroom for TIhc effectiveness of these sites could be hampered even
material and tools. further if lead mechanics were (by labor contract) in' str-tr

charge of work assignment of AMPs. Where this situation
These: shift foremen were trained in how to conduct meet- was found, Figure 2.1 would have to have been redrawn to
ings. In general the meetings-kept AMPs informed of the show less frequent contact between AMPs and foremen.
unit's performance to goal, and of their own role in the This spstem resulted in generally less effective coordination
overhaul. TheAMPs in turnstook pride in successful accom-' bctween shifts because foremen, not now in direct contact
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with AMPs, would make the face-to- face transition bet een Figure 2.3 shows the communications patterns for one site
shifts. In some cases also, high seniority AMPs would bid in which inspection took control of work planning at the
into lead jobs without sufficient breadth of technical experi- beginningofa r.maintenance check. In this case the inspection
ence to always understand the work they were assigning to foreman dosely controlled the overhaul planning by rewrit-
AMPs and the results of which they were describing to ing all routine job cards dealing with opening (and subse-
foremen. quently closing) the aircraft for inspection as Specific

non-routine orders to only open access areas. Separate non-
There were other examples of how communication in an routine orders were subsequently issued to close all access
inexperienced workforce created errors involving miscom- locations only after QC inspectors had scrutinized those
munication. The combination of inexperienced mechanics areas. For the 3oeing 727 aircraft observed at the site during
and long tenure foremen often caused the former to be the visit, over ,400 extra non-routine orders were created for
unassertive with the latter. These subordinates are reported this purpose.
to seldom voice their uncertainty or their lack of experience.
when assigned to a job, except at sites where there are strong This unusual behavior presumablywas based on'a mistrust of
sanctions against remaining quiet. There were also accounts the many inexperienced mechanics employed by this corn-
of new AMPs who did not report problems whcn they pany to read and understand the routine cards as written.
occurred. Cases were reported of relatively inexperienced Although that solution worked, and all inspection locations
employees being assigned to work beyond-their abilities.- were checked by QC, the "cure" was almost as painfil as the
with ensuing repair errors. Those errors reported were dis- "disease." The resulting lack of control of initial work plan-
covered and safety of flight was not compromised, but extra ning by maintenance foremen and byscheduling supervisors
expense and time were incurred and in some cases little created confusion and frustration. For instance, when parts
positivewas seen to be learned by foreman or AMPs. In most were received and the planners and maintenance foremen
cases ofserious errors or incorrect repairs, theAMPs involved were notified, they were rinable to locate the associated job
were said to have quit or were dismissed from the firms card tobeginworkifthatwork(andcard)wasstillunderQC
shortly thereamfer. control. These p•arts were often set aside until they could be

identified, and sometimes became lost or misplaLed. Some-Figure 2.2 portrays a composite picture of the communicat-.. .times, because job cards were "missing," parts were not
ion pathways in sites where the planning department or ordered on time. Waiting for (C to schedule "dosing-up,"
function dosely controlled the work assignment and job the aircanft sat with fue tanks open and vulnerable control

cards. In these cases, the planners and/or coordinators kept joints and bearit.gs exposed to airborne contaminants. Be-

access to job cards strictly controlled. Planners descried-b j of managem xpose to airborne hntomenhaul on

their major function as 'responsible for the aircraft." while msomageent pressure to comp!ete the overhaul on
antenaner a ndr f insctio nwen as mresponsibeothaircrat.while a timely basis, mechanicovertime and high use oftemporaryrnarintenance and inspection were seen as merely responsible laoweebtaog h unad*pdcs"fhi

labor were both among the unwaitcd "products" of this
for using the tools and undertaking assigned repairs. In these s Mechanics in turn felt part fan "ad hoc" organiza-
"sites, high control of repair by planningwas seen todiminish tion with little ability to forecast or plan for overtime.
the pride of ownership and competence that mechanics,
inspectors, and their foremen felt.

SImnaty of Role Neworks
The algorithm often used by planning, in the sites visited, to
set priorities is based on length of time required for repair; One ofthe major findings ofthe role network analysis is that
with little or no attention paid to 'the complex interactions man" ofthe roles closest to one another on the network chart
among -a number of repairs (both "routine" and "non- (Figum 2.L 2.2, and 2.3) are between people in different
routine") called for in the typical overhaul. Both mainte- occupational groups (except for AMP and foremen or lead).
nance and inspection foremen in these sites claimed that the Thus the people in dlse cont.c with each other arcnot only
planners lacked maintenance experience with repairs or with the toremin dose chntc, wit eachothe aenit ond
aircraft to enable them to effectivdy prioritize a series of the plannercoordinator, the mech anic arid the inspector,

complex repairs. This arrangement frustrnted foremen and the meclm.ic with other employee in stors, and the forc-
caused them to lose confidence in their own abilities. This, man with production control, the various support sheor
and lower pride was often associated by intervieweets with andengineering. Theseareallexamplesofppooplecommuni-
lower carefattention to work performed - and with ýlower eating eerng ncrtional sileos.

work, lower quality work, fewer "buy-backs" by inspectors.
and more rework. For AMPs, the visible absence of control
their foremen had over the order in which work was per-
formed, and the ambiguity about what was to be done next,
was reported to lead to diminished job satisfaction.
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Table 2.1
Summary of Communicatrion Anaysis

"G, A, I, L" Functions Against Four Types of Social Contacts
Airline Maintenance Personnel / Heavy Check Service

1. 2. 3. 4.
Contact Contact Contact Contact
Between Among Between Between
Supervisors Peers Groups in the Maintenance
and in the Same Same Mainten. Systems and
Suborcinates Work Groups Systems the Outside

"++ .....
GOAL 0000000000 0000 0000000000 +4-.-
GOAL .... - 000000000 000ATrAINMENT..... . ....

+ +

*A:. 0 000 000 00
ADAPTION TO
ENVIRONMENT

"":' +...+ ++++++. ++++++ +
SYSTEM 0000000 00000 0000000

INTEGRATION

LONG-TERM + +4+ 4-+

DEVELOPEMENT 0000 0000 000 0

Lcgend:

"4+0 Communication as observed is helpful-or facilitative to the function or relationship

"0" Communication as obseryed is nuctral to the function or relationship
- Communication as observed' is helpful or facilitative to the function or relationship

2.3.6 Organization, Attitudes, and large carrier in which foremen conducted pre-shift meet-
Performance ings; and the two smallest carriers where inspectors were

also the senior mechanics. Communication in these three
2.3.6.1 Linkage between management practices sites included a great deal of "technical" or goal-relarcd.

and attitde contadt/communication within and between occupational

groups and hierarchical levels, as well as expressions of
employee good-will and personal support for one another.

"Thirce of the eight sites visited exhibited higher levels of" Thesecommunicationswcreobserved in frequent or regu-
communication than the rest. These three sites include the
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lar group meetings as well as in individual face-to-face 2) Inspection.
contacts. These three sites also evidenced the clearmt'main- Absence of Tumnbacks. Involves the assessment of
tenance and company missions. The large carrier among severity of a defect such as corrosion or fuselage cracks
these three reported consistently high levels oftimely comple- - less severe defects that were identified were indi-
tion of"C" checks. Finally managers, and AMPs in all three cated by the presence ofsome number of non-routine
of these sites expressed the greatest individual satisfaction defect "tumbacks" to inspection by maintenance.
with their timely performance and/or high quality as was
expressed in any of the sites studied. 3) Planning.

Dynamic but realistic schedules. Measured by the
The other five sites varied in the amount ofcommunication ability to adjust the maintenance schedule and spare
and contact observed and reported. All of the five had less parts ordering so that revised check completion dates
frequent communication than the three sites already re- can be realistically met. This performance relies on
ported. Among the five sites, lower levels ofeommunication being able to account forcomplex interrelations among
were associated with greater observed and reported conflict the individual repair jobs contained in the heavy
between shifts and occupational groups. Whether past con- check.,
flict reduced present contact, or if conflicts arose through
misunderstandings caused by inadequateor incomplete com-
munication, is impossible to say with the data available - a 2.3.6.3 Linkages between Prctices, Attitudes,
combination of both is most likely. Expressions of personal and Performance
satisfaction were lower among AMPs in these five sites.
AMPs were less likely to say they planned to stay with that
employer, and in a few sites mechanics and/or planners said Quality performance, as measured above, was highest in the

they were considering leaving aviation maintenance alto- three sites described earlier as having higher levels ofcommu-

gether. nication. The high degree of "technical" or goal-related
'communication within and between occupational groups
and hierarchical levels in thcse sites contributed to a focus on

23.6.2 Qumlity Performance Information for timeliness of repair and/or quality.
heavy maintenan,,ce ("C" check)

In the two small sites of the three, scheduling chinges were
"Hard numbers" were not available to AMPs at most sites performed by the foreman in consultation with lead me-
visited, but the following indicators were often at the core of chanics, while in the larger.site the maintenance foremen
their concerns and discussion with others about final results stayed in dose touch with planning and OX as work pro-

'"getting safe aircraft out on time." gressed and the schedules changed.

1), Maintenance. In association with the less frequent communication and
Doing it right the first time. Indicated by the time contact observedatthe remaining fivesites, AMPsdisplayed
(and/or iterations) required to perform a repair that and reported greater conflict between shifts and occupa-
will be approved by inspection; t& 's includes rework of tional groups. The five sites also displayed or reported lower
completed work rejected by inspection,aswell as false' quality performance as measured above.
stairs" caught by lead mechanics. foremen, engineers
or inspectors, and begun again during the repair pro. 2.4 CONCLUSIONS

Among the accepted causes ofworkquality is the committed
Underestimated repair seventy. Indudes severe de- attitude, thehigh level ofknowledge, and the positivestate of
feets identified as minor, or identified after initial mind ofemployees performing that work Conversely, nega-
inspection, indicated by underestimated repair time or tive attitudes, lack of knowledge. and disquieted mind rchite
adjusted coordination ofrepair jobs to accommodate to poor quality and a reduction of safe conditions azid
for omissions or optimistic assessments of defects outcomes. This study obtained measures of tht amount of
identified early, communication about the work and interpersonal support'

the levels of trust, and the degree of frustration or Facilitation
ofhuman needs. Important sources ofetm.ployue attitude and
state of mind in aviation maintenance were found. The
condusions to follow arc dirxcted at stressing these impor-
tant aspects.
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Figure 20
Conunon Conununication Pattern - AUl Sites

2.4.1 MAJORORGANIZATJONALCOMPO- meaning, and bright. These are peoplewho want to do
NENTSIdentifiedasaResultoftheSystein their best for safety.
Scan Analysis. ENJOYMENT OF WORK: It is also true that an over-'

whelming majority of mechanics truly enjoy maintc-

DEDICATION: It is not an exaggeration to state that all nince work and mechanical repair.

employees and managers of the heavy maintenance RESPECT FOR COWORKERS AND MANAGERS: In
systems visited in the course of the present study are the main, AMPs also like andrcspect their co-workers
dedicated to safety of flight. To their credit, most and managers. In the smaller, regional carriers in
mechanics, inspectors, planncrs and 'their managers particular, the relationship between inspectors and
want to be able to see the "big picture," and to have real mechanics is mutually respectful and professionally
competence in complex detection and repair tech- useful for both parties. Thesc mechanics learn ad-
nologies. Throughout the course of this study, the vanced repairs and detection from the more exteri-
people observed were serious about their Work, well enccd inspectors, and the latter learn by and from the

teaching.
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Operations
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Figure 2.1
Maintenance in Control of Work Assignment

PARTICIPATORYMANAGEMEINT: Excellent and well encouragement for high AMP performance, as well as in-
proven management practices, and resulting high per- sight and anion when performancewas poor.
formance, were observed in the course of the present I
study, but they were not the norm. Paiticipatory Many ofthe other sites observed reflect a pattern of manage.
management in combination with high performance ment practices and results thatroughly matches the Arneri-
organization, wasobservedconsistentlyinjustonesite, can national norm for completely standard practices:
and noted to a lesser extent in two others. functional organization, firm goals, traditional supervision,and sufficient controls to guarantee minimal required out,In the one truly excellent site visited, shift foremen behzved comes. T"hese practices do not seem to measure up in thequitedifferendy than in the o, her companies. Thesefornmen current environments for motivatingor developing cmp!oy-

had been trained in, and encouraged to hold, daily work- ees; even as they maycontinue to turn out acceptable repairs,
related meetings with their AMPs. Th'y met at least weekly
with other foremen and their superior. In-addition, theywere
responsible for the pursuit ofa conscious and public mainte-
nance mission and for !etting and achieving measurable
objectives. They were expected to provide work direction,
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Figure 2.2
Planning in Control of Work Assignment

MISSION. written mission statement for their department

or for their company. NordH any report having
L Definition: An effective mission - published, dis- seen or heard ofanysuch formal statement. As to

cussed, internalized and acted upon -. is no mere their own understanding of their mission, two
slogan. It can be the driving force in ensuring statements were typical. The usual statement
worksystem excellence. It guides and unitesthepeople was: 'We all want safe aircraft." In addition,
ofihe organization in their pursuit of product "pencrc- some AMPs reported that 'the Company wants
tion," and it thereby also helps to cement the link fist turnaround." Combined - and with a
between the organization and its customers. course of action specified - these two state-

mcnts might serve as the nucleus for a truly
cffective mission, serving and uniting the inter'-2. Findings: ests of workers, managers, passengcrs, share-
hoiders and even regulators. Yet only in three ofa. Most sites had noexplicit mission, for Mainte- the sites visited was such an integrative mission

nance or the Company. None of the AM P, and action plan observed in print, speech or
interviewed had participated in devdoping a practice.
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laspecton in Control of Work Assignument

b. Having two'sub-misiormi is not seen as realis- c. Most choose 'safety' as their mission; in con-
tic. Ile AMPs observed in this study Clearly flict with 'speed.' In response to their conflict-
"aceped the dual 'mini-missions* of quality ing-aims dilemma, the' JAMPs interiewed and
repairs ,for aircraft safety, and speed of turn- .observed favored L:LfM (qual ity/accu racy) as
around as relevant. They know that both of" their everyday work priority. Under the normal
these aims are important. But which way tolean.? demands for Fist turnaround, they did make'
\Without a sense ofsuccess in achieving both, the their best efforts to move the work along how-
essential unity of these aims is replaced by feel- ever, but not soquiek .ly that flight safety was put
ings of organizational confusion, psychological at risk. And, of course, that is the right thing to
-tress and interpersonal strain. Most of the time, do u.digtergtting leaves many

Fdgur Bu2ongterih3h

in many of the sites, the expectation that they fAs in conflict over the other right thing. It
will favinJ both sub-missions a•. ot same t im-e is makes their private choice in Favor of safety of
fet by the AMPs as clrvedi unrealistic l flight feel inconsisd.' , and it Icvst them flit-

ing at odds with their management's rightfula
demands for spedy turmaround.
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d. Underpressure, the'mission' reverts to 'fixing craft in formal classroom training conducted by their em-
things.' When the workload went up, with ployers. For more specific details of airfrawo technical re-
considerably more turnarounds and repairs cx- pairs, new AMPs mainly learn on the job.
pected, AMPs at several sites were observed to

ip e lyd, fors athseierasite work assignmerv to ~ Although many companies encourage AMPs to hold A&Pwait passively for their work assignments to be

handed out by the supervisor. Their =mini- licenses, there remain AMPs who do not, especially among
mission" then ould be seenas neither safety nor the sheet metal mechanics. Sheetmetal mechanics who do

have an A&P license report they'received little preparation
s peed. Instead, their guiding rule was clearly to for this specialty at school. Few AMPs in the study felt well
"just fix things (safely), as assigned." prepared from eitherschoolorsubsequent trainingto under-

As theworkwas assigned, theAMPs performed their allotted take complex structiural repairs or use complex NDI equip-,
tasks with all the care, skill and effort required. But their aim ment. Such skill is developed on the job.
had dropped. from the safety mission (with an awareness of
the clock), to merely doing the immediate task at hand (with
flight safety still in mind, and the inescapably danging clock CONTROL OF WORK ASSIGNMENT
considerably more in mind than usual).

A struggle for control over maintenance workwas observed
CULTURE between maintenance and planning in several sites. This

struggle is beginningto takeon adifferen: and more complex

The prevailing culture in heavy maintenance cohtains an dimension as computerized planning becomes more com-

individualistic attitude among mechanics, combined with a mon. Wheresuch asystem isnotverycarefully managed and
oler passion for airplanes and flight among the newer designed, it can become "control by computer," with a

employees than was common with an earlier rner rigidity and singular focus thatcan act against the intentions
eigeneration, of its sponsors and creators.

Increasingly, people are taking airline jobs at both the top
and the bottom levels for more prosaic reasons than a love of 2.4.2 MAJOR ORGANIZATIONAL
airplanes. Employees today seem to be generally less willing COMPONENTS Identified as a Result of
than their counterparts in the past to share responsibility by
working dosely with others. The obligations an individual
A&P mechanic takes with the FAA license, and the personal
liability that entails, were reported to have the effect of Key Variance Control
making AMPs and their supervisors less eager to share work
across shifts, or with less experienced or less skilled col- Early key variance corrections have reduced costs and raised
leagues. One result of this is slower turnaround' (incurring morale. Not getting the needed cross-department coopera-
delays when key employees are absent). Another result is a tion sometimes blocks the path.
considerable limitation of the opportunities for AMPs to
effectively exchange ideas or information., Learning was Maintenance foremen insomesitescould norarways obtain
therefore hampered, too, and with it, skill development so the coordination and cooperation they needed from other
important to the quality of work performed. departments in order to attend to "critical path repairs."

Critical pith items were thse minimum critical repairs (in
particular kinds of flaws, defects, fatiguewear, and damage to

AMP EXPERIENCE ' the aircraft) which determined ihe course of the overhaul:
These particular defects in aircraft condition were under-

Most heavy maintenance sites visited had AMPs with very stood as the "key variancesin overhaul. .whn keyvariances
long service, very short service, and very few in the middle. wcredetected early and reairtx correcdythe firsttime, long-
Tl1e younger AMPs (thosewith less experience)wereoften term maintenance costs were reported to go down while
specialists in the large sheet metalrepairs or laborious inspec- 'maintenance morale rose.
tions called out by recent airworthiness directives (ADs).
Many of the AMPs w;th less experience had less than Sometimes these variancei were not detected during the
complete ýdvance preparation for complex structural repairs p-eliminaryinspectionand occasionallytheextent of fatigue
thus OJT and formal training were necessary. , damage (panricularlycbfrrosion) would not be revealed until

late in the overhaul. Apparently this latter situation is, not
unusual. In many of the sites visited, the aircraft observed

Most of the companies studied hire new mechanics and hadcorrosionor(less frequndy)rampdamagethatrequired
planners directly from A&P schoo!s. These new employees more than 'ie -T.giaal estimatedtime to repair. This situa-
learn moddl-specifi.' information about large passenger air-
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don meant that there was a regular, but nasty "surprise" that The production control or planning group was often identi-
defeated efforts to complete the overhaul on time or within fled by respondents in the sample (including planners and
budget. coordinators themselves) as the least salient, most overstaffed

2.4.3 MAJOR ORGANIZATIONAL unit. They reported having (and were reported to have) less
training and less well-defined standards than they would

COMPONEVT Identified as a Result need to best contribute to an effective hangar maintenance
of Social System Analysis system. When the planning group obtained, or was granted,

control over work assignment, the results on productivity
Organizational and Group Teamwork and hangar morale were usually described in negative terms.

Individuals and groups at several sites did not ;aways work Internrl Maintenance System Boundaries
together effectivdy. Several factors appear to be contributing
to this less-than-ideal state of cooperation and coordination. Existing organizational boundaries are not appropriately

Interviewees listed difficulties with work organization, guid- drawn in several sites. Their current boundaries tend to
ance, and training in the face of an increasing work load create separate organizations within the same system, en-
along with the increasing complexity of repair for aging courage finger-pointing, and promote more politics than
airnraft. AMPs at several sites reported that they were too productivity. The necessity to cross these boundaries (for
often unable to obtain paitz in a timely manner. This example between materials and maintenance or between
contributed to a., ineven. work flow complicating work shops and maintenance) has built-in difficu!ties in negotiat-
coordination and creating additional frustrations for me- ing demands in support of the systems requirements. When
chanics and supervisors. Fairly frequent and sometimes even these separate departments have conflicting goals, and di-
heated discussions with others about the correctness of verging or incomplete undersfanding of the maintenance
repairs, when no prior standard seemed to exist, was also and company m: -on, these difficulties would occasionally
reported as disconcerting to everyone involved. In summary, escalate near the limits of the system's ability to cope.
despite the best efforts of all concerned, a truly effective level
ofteamwork was not the nom at several ofthe maintenance In a number of the sites visited, both management and
work systems studied. AMPs reported that moralewas lower than it had been in the

past, and that absence and turnover among AMPs was
In some cases, more eperienced mechanics questioned the increasing. Respondents said turnover caused by poor mo-

rale was in part the outcome of frustration over workmotives and performance of younger mechanics. In these oriaincneroboteigsedodom'ehn

sites, mechanics and inspectors on a given shit did not coordination, concerns about being asked to do more than

approve of work performed on a preceding shift and/or can be done, and lack ofcoopration and communication
would not rust their 'wn work to the oncoming shift. among separate departments.

Although there appeared to be some misunderstanding and Despite all this, mechanics and inspectors said they liked
negative fee=ling between mechanics and inspectors, the main aircraft maintenance work and most of them expected to
Feeling was one of mutual respect for the separate roles and a remain in the indusnry. Many, however, wire not sure if they
civilized agreement to disagree. Mechanics in some sites said would stay with their present employer. Planners, on the
that they did whatever work the inspectors required. Fore- other hand, said they were les likely to stay in maintenance
men and mechanics in other sites said that inspectors were at all.They reported that theirjobswerelesschallengingand,
inconsistent, and this causcd them to over-procezs and as a group, fdt they were held in low esteem by other AMP
unnecessarily t-place parts. Sheet metal foremen in many groups.
s:,s felt that the inexperience of new inspectors was i major
issue. Inspectors said that there were occasion-l issues be- 25 RECOMMENDATIONS
tween themselves and the mechanics over the interpretation
of standards in the structural repair manual (SRM). Inspec-
tors' in many sites reported requiring more engineering 2.5.1 Guidelines for Management
variance authorizations (FVAs) before approving non-SRM
repairs. Inspectors in some sites said that the quality of the. Based on the resultsofthegeneral overview produced by this
mechanics' work needed to be improved, study, it is important tostrengthen therelaticnship between

AMP technology, coordination and cooperation, and per-
formance.
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The goal of this first set of recommendations is to create 3) Deliverafinal and derailed report oftheCommunica-
guidelines which draw conclusions about the effective use of tion Guidelines for effective communications within
the human factor - in patterns of communication for maintenance organizations. The Guidelines shall be
effectively getting work done, together w.'h satisfying the written for maintenance management personnel.
AMP work force; and to ose these findings to create guidance
to maintenance managers and supervisors for improvement 2.5.2 Iudusty Validation of the Findings from
of such communication in the maintenance function. It is the Present Study
recommended, therefore, to develop management guide-
lines for improving communication in maintenance work. The pre•snt study, as described, was intended to provide a
In particular, the guidelines should emphasize communica- rapid 'diagnostic picture of current U.S. experience. The
tion styles and techniques useful in applying new or known study necessarily focussed on a narrow slice of aircraft main-
effective AMP technologies. tenance, it employed informal measures of collecting data, A

and it was produced from a small sample rather than from
Outlines and draf guidines -should be fied tested with the comprehensive population ofcompanies comprising the
maintenance managers for feedback of those outline maten- industry.
als. From this feedback the guidelines for effective commu-
nications within maintenance organizations would be The second major recommendation suggests more formal
developed. and comprehensive measurement biand for the commercial

Guidelines as created should be consistent with the develop- aviation maintenance industry itself. For a permanent and
ment of maintenance teamwork training derived from cock- definitive record of the industry it would be valuable to
pit resou rce management (CRM) experience in the industry. quantify and expand the present study through the develop-
Further, the guidelines should be written in a style and mentofa formal survey questionnaice, designed and admin-
format for use by maintenance management personnel. :stered by the industry itself Forsuch aquestionnaire a larger

and representativesampleofcompanies and theiremployees
I) Deliver an outline forcommunication guidclineswhich and managers nationwide would be drawn, and the area of

a) specifies: interest would be extended from heavy maintenance of
fuselage to all heavy maintenance activitics in all areas of the
aircraft, and to maintenance at the flight line as well. The

Maintenance management style. data collected should also indclude theexperience ofworking
'Maintenance organization purpose, long-term with newer aircraft.
objectives, and short riange goals.

Maintenance organizational structure. Specific steps to quantify and expand the present study:
Job design for applying the technology.
Pattemsofcoordination and communication in Develop a formal survey questionnaire from the find-
applying the technology. ings reported here. Extend the area of interest from
Success in attaining goals and objectives in pur- heavy maintenance of fuselage alone, to at least all
suit ofpurpose. heavy maintenance activities in all areas and systems of

the aircraft.
b) Describes the outline topics in terms of case

study and observations already collected in AMP Specify questions the answers to which can be quanti-
studies described in this report. fied into scaler value&

2) Present this outline to maintenance managers in the Obtain response and advice about the questionnaire
industry and obtain fcedback of topics and concept. items from both management and labor representa-
Deliver an interim report describing the results of tives of the commercial aviation maintenance indus-
analyses ofdara collected received duri ng feedback and try.
fidd tests. The deliverable at this interim stage will
provide further elaboration of the outline topics based Prest the resulting survey instrument with a repre-
on field test of the previous case studies and observa- scntative sample of airline maintenance employees,
tions and added illustrative material obtained during and correct or change items as required. Promote the
the field tests. support and cooperation of the industry's leaders for

the survey.
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Encourage company manmgements, local union repre- For example. ifan AMP doss our the current job card close
sentatives, and relevant professional societies to sup- to the end of the work day, why should the use of personnet
port the survey, time docks also be required? Dedicated workforce atten-

Draw a large and representative sample of companics dance and timekeeping for personnel systems is neither
andw theireemplo epeeseandmantagie nationwide o foaie required by labor law, nor is it the only eff•ctive way to

initial administration of the rs surve acquire such data. AMPs are inconvenienced at the time
docks by waiting a second time each end of shift for the

Make the preliminary results available to the sponsor- convenience of personnel departments. Time clocks may
ing parties for aid in interpretation of findings. not be in keeping with, values which announce trust in

Publish and distribute the final report within one year employees and respect for their abilities.

of the survey. Another example of the logic of human values relates to

Develop and conduct a series of industry-wide meet- policies and practices of employee furlough, or lay-offs. The
ings to discuss the results of the survey and plan value statement that claims employees are a most prized
changes to be made on the basis of those discussions. resource is difficult for AM Ps to reconcile with past lay-offs.

b dOfcourse a management cannot guarantee lifclong employ-
L5.3 Undertake Changes in Maintenance ment, but such value statements invite the creation of a

Organization and Management logical and visible set of steps to be taken by a company
before any employee is laid off Consistency in values and

[his study may, in itsdf, provide sufficient validation of the practice and an open attitude to communication with em-

tate of maintenance safety efforts to prompt some managers ployees creates greater commitment to the company.
.nd executives to take action based on its findings. The third Create and endorse teamwork in the maintenance system.
et of recommendations therefore indudes the following. Eliminate or modify the boundaries between the various

ncrease te workforce competence. Increase and improve function specialties in the maintenance system. This would

)n the job (OJT) training by using experienced AMPs or. indudeplanning, shops, andcertain partsofengineeringand

1ualified trainers who have themselves been trained in ap. materials groups. Even inspection can be designed to en-

uroachest to effective learning. Improve and expand com- hance cooperation with maintenance while continuing to

any sheet metal and composites training for inspectors as comply with FARs for a separate QC department which

vell as mechanics. In addition to better OJT, new intelligent reports, independently, to top management.

utoring systems should '.nd themselves to efficiency in this
ecurrent training. Expand and emphasize teamwork train, Reduce the emphasis on the individual contributor as the
ng. Extending the effective training methods and curricula basic work unit in aviation maintenance, in favor of greater
)f cockpit resource management to maintenance managers, teamwork among AMPs. Consider enhanced company role
wremen, and AMPs is suggested. in ab itniio AMP orientation training. Surely the current

Sexperimentswith airrarrier operated A&P schools will prove
".mphasize and support maintenance system centrality in effective in imparting up-to-date technical knowledge and
ompany purpoe. Each company should concentrate on skills..
eveloping a dear company mission st,,ement, and help the
naintenance system enunciate its role-irn. Maintenance
-ission for each company should likewise be developed, for Promote excellence in management performance. Encour-

thich dear-cut goals and objectives can be created and age foremen to hold daily meetings with their AMPs. En-

ursued. All maintenance personnel should be able to de- courage maintenance managers to hold at least weekly with

'be their role in achievement of these objectives and how ther foremen. Emphasize management and foreman re-
.nse it wit oofn p se , o s andhow sponsibility for the pursuit of a conscious and public main-
itse fit with company purpose. tenance mission and for setting and*achieving measurable

objectives. Expect foremen to provide work direction, and
)evdop commitment to human values which reflects the encouragement for high AMP performance, as well as in-
aired practicesofmanagement and employees, and which sight and action when performance is below par. Involve
nhances the logic of thode practices. Each company and AM Ps in decision, making and problem solving about mart-
iaintenancesystem ahouldhaveastatementofvalues abut ters that affect them at work. .nsure that communication
cople, including (at least): employees, managers, sharehold- throughout this management system is two way.
rs, contract personnel, competitors, paisengers, and the
'avelling public. These values should be able to link with
uanagement practices, and the rationale for them.
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ChapternTme
The Maintenance Technician i Inspection

3.1 INTRODUCTION (e.g. hours of training and record-keeping to show that
tasks have been completed), not of the effectiveness ofeach

The problem of improving the reliability of aircraft in- inspector. Inspection is also a complex socio-technical
spection and maintenance is multi-faceted, so that this system (Taylor, 1990), and as such, can be expected to
chapter oriy details one part of the Federal Aviation exertstressesoon theinspectors and on otherorganizational
Administration and Galaxy Scientific Corporation ap- players (Drury, 1985).
proach to solutions. Justification in terms of fleet age, and Just as effective inspection is seen as a necessary prerequi-
maintenance philosophy is presented dsewhere in the sitetomaintenanceforsafety, sohumaninspectorreliabil-
NAARP and hihs rort, ity is fundamental to effective inspection. The inspection

The objectives of this task can be stated as: system will be described briefly to provide a background
for the inspection Task Analysis which follows. Data was

dhis setermin he NAAHhuman.stem m atchers ps to guide collected from six sites in the United States, two each for
three major national/international cazriers. (In addition,

both future research and short-term human factors imple- some observations were made at the maintenance sites of
mentation by system participants. Also, by providing a
human factors analysis ofairc:afr inspection, it is intended two European ,-arriers, but nodetailed Task Analysis data
to make human factors techniques more widdy available was collected at either site.) Major carriers were chosen to

reduce the variability of inspecttion systems observed, withtormaintenance organizations, and to makaircrafti main- the aim of collecting usable data within a limited time
frame. Regional and commuter airlines, and aircraft

To meet these objectives, the context of aging aircraft repair stations will beadded duningthesecond yearofthe
inspection is important to show the rdationship of this project.
task to improved airworthiness and public safety. If an
aircraft .is to be properly maintained, the maintenance 3.2 THE INSPECHON SYSTEM
sysicm must either be error-free or error tolerant. Cracks
and corrosion in the metal structu rcofcommercial aircraft Aircraft for commercial use have their maintenance and
are a fact of life; there will always be defccts present. inspection procedures scheduled initially by a team in-
Correction of defects demands detection of d'efcts, and dtiding the Federal Aviation Administration, the aircraft
this is one area where systems improvements should be manufacturerand start-up operators. Thescschedulesare
!ooked for. The system for defect detection consists of a then taken bythecarrierand modified, in a procosswhich
human inspector aided by various machines. Humans must meet legal approvals, to suit the carier's require-
and machines are both fallible, so that ways are nieeded to ments. For example, an item with an inspection interval
make these system components les error-prone, and the of 5,000 hours may be brought forward to a 4,000 hour
system more error tolerant. The detection/repair strategy check so that it can be performed during a time when the
used throughout the world is to specify a maintenance aircraft isundergoingotherplanned maintenance. Within'
interval such that ifthedcfct is too small todetect on one the carriers schedule will be checks at many diffierent
check, it will be both large enough to detect and small intervals, from flight line checks 2nd overnight checks,
enoigh to be safe on the subsequent check. However, through A. B and C-checks (often in themselves subdi-
failure todetect ; crack orcorrosion which was in fact large vided, e.g., C-I. C-2,...) to the'heaviest" levd or D-check.,
cenough to be dtected does not give the same levd of This project has concentrated on C,- and D-checks be-
assurance that it will not cause a probicm before the next cause these are the times at which most detailed structural
chck. inspection of airframe compIonents is undertaken--the

The aircraft inspection system is a complex one. taking focus of the National Aging Aircraft Research Program
place at'sites ranging from large intermtional carriers. (NAARP).
throtuh regional andcommuncrairlines, tohhc fixed-base As an aircraft is scheduled for a heavy check, all of the
operators associated with general aviation. lnspectioh. required i ispection and maintenanceitemsregencrated
like maintenanceingeneral, isregulated bythe FAA in the by a Planning Group within the carrier's maintenance
U.S.A. and equivalent bodies in other countries. How- organization. Items induded schedulcd known repair.
ever, enforcement can only be of following procedures (e.g., replace an item after a certain airtime, number of
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cycles or calendar time), repair of items discovered previ- slats to inspect their tracks), or access panels may need to
ously (e.g., from pilodcrew reports, flight line inspections, be opened (e.g., panels in vertical stabilizer for access to
items deferred from previous checks), and scheduled control wires and control actuation mechanisms). As
inspections. The inspections are expected to lead to inspection is performed, each defect found leads to a
repairs in certain cases, i.e. if a defect is found by the report being filed. This, variously called a Non-Routine
inspection system. With the aging fleet, it is of some Repair (NRR) report, or a Squawk, is added to the work
interest that scheduled repairs now account for perhaps pack of repairs required beforetheaircraftcan complete its
300 of all repairs, rather than the 60-80% seen iii earlier check. This NRR in itself generates the new workcards
years, due to the finding of more age-related structural necessary foritscompletion,ofiteviathePlannirgGroup
defects in the aircraft. r Production Control. It may also generate the need for

Because such a large part ofthe maintenance workload on additiona1 inspections, for example, to ensure that cert in

a .?articular check is discovered during inspection, it nuts an,: torqued correctly during installation, or that a
a p anticunknownek to thscoered Planing Group.etiontet skin patch (scab") has been correctly added. These

rnaneeas an unknown to the Planning Group. Mainte- subsequent inspections arecalled"Buy-Back" inspections
is knowhn ,an d repla)cemnot patshed d ni be in the U.S. Typically, as acheckprogresses, the inspectionworklo---d is known, and replacement parts cannot be wokodbohdcese utoComlein fnomn

areiscverd t bereqire. Fr tese workload both decreases due to completion of incoming
ordered until they arediscovered to be required. Forthese

s, it is imperative that the incoming inspection be nspection, and changes in nature due to a greater prepon-

corn•, das soon as possible after the aircraftami vespat the derance of buy-backs. Also, the rhythm of the work can
r schange, as incoming inspection starts out with relativelymaintenance site. This aspect of the organization of the few interruptions, but interruptions increase in frequency

inspection/maintenancesystem gives riseto certain pecu- as AMTs call in inspecors to perform buy-backs of
jiarities of ergonomic importance completed repairs. ,

As it is imperative that all defects requiring repair be
discovered as quickly as possible, there is a very heavy 3.3 METHODOLOGY
inspection workload at thestart ofeach check. Tokeepthe
number of inspectors within bounds despite this sudden With the objective being to locate human/system mis-
workload requirement, most airlines use considerable matches which could leadto error, thebasic mchodology
overtime during "check-in" of an aircraft. Thus, if there hadtobeoneofdirect observation of, andinterviewswith,
are ten inspectors regularly working each shift, double system participants. Althoughanunderstandinghadtobe
shifts can give effectively twenty inspectors for a short developed of how the system should work, the major
time. Hence, for the first, perhaps, six shifts after check- emphasiswas on how thesystem doeswork. Theaim was
in, inspectors expect considerable overtime, leading of not to evaluate the observed systems against published,
course to prolonged hours of inspection work. Also, ,s an legal standards, but to determine how the system func-
aircraf typically arr:"s after szrvice (e.g., 2200 to 2359) tioned. Promulgation and change of regulations is only
much of the incoming inspection is on night shift. An- one way ofenhancingsysremcmrformance. Insystemsas
other factor predisposing towards night -hift inspection large and complex as aircraft inspection it is natural to
work is Non-Destructive Inspection (NDI, or NDT for expect a variety of ways to accomplish m'uliple (often
testing) involving hazardous materials such as X-ray or conflicting) objectiveswithin anexistinglegal fiamework.
gamma-raysources. For safety reasons, such N DI work is All data was ccllected anonymouslytoenhance'its validity.
typically performed during work breaks on night shift 'Two points should be noted:
when a minimum number of people need to be inconve-
nienced to prevent radiation exposure. Notethat anytime ' . All system participants were'open and honest
spent at Cie maintenance si:e' betwyeen about 2300 and with members of the Task Analysis tcam. Every
0700 will not generally incur a, oss of revenue as curfews person we met was highly motivated, and hon-
prevent landings and take-of•i between these hours at est, as well as genuinely concerned to improve
many U.S. airports, system effectiveness.

Beforeeach irspection can be performed, therearecertain 2. If the team's task had been to measure compli-
activities neocssary for correct access. The aircraft may ance with existing regulations, it wou!d have
reed to be deaned inside and out (e.g., cargo hold below used an entirely different methodology.
galleys and toilets), paint may ned to be removed (e.g.,on
,fuselage crown for NDI of lap-joint areas), parts of the
aircraft may need to be removed (e.g., scats and cabin Error-pronehuman/system mismatchesoccurwheretask
interiors for internal inspection of stringers or flaps'and d&mands exceed hunian capabilities. 1hewnecessarycom-
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parison is made through the formal procedure of Task tion unit is the workcard, or workshcet, and that the task
Description and TaskAnalysis (Drury, et. al., 1987). Task is seen as continuing until a repair is completed and passed
Description is the enumeration of necessary tasksteps, at as airworthy. The workcard is the unit of work assigned
a level of detail suitable for the subsequent analysis. Task to a particular inspector on one physical assignment, and
Analysis uses data and models of human performance to can have a work content varying from one to eight hours,
evaluate the demands from each task step against the or perhaps longer. Typically, aworkcard is expected to be
capabilitiesofeachhumansubsystem required forcomple- completcd by an inspector within a shift, although ar-
tionofthatstep. Examplesofsubsystemsaresensing (e.g., rangemenis can be made for continuation across shifts.
vision, kintsthesis), information processing (e.g. percep- Because theworkcardwas taken as the unit ofanalysis, and
tion, memory, cognition), and output (e.g. motor control, given that a workcard can contain many inspection Xems,
force production, posture maintenance). Thus, the sys- thecount ofworkcards observed during theTask Analysis
tern finctions and tasks must be observed, and analyzed, in fact incdudes a great quantity and variety ofinspection
through the filter of human factors knowledge, if more ritsks. As an example, the C-check workcard for detailed
than superficial recommendations areto be made. There inspection of the empennage can indude checks for
were two good starting points for this endeavor, broken or worn external parts (friction tabs), checks of

1. Existing human factors theory and case si each of several hundred rivets for integrity, checks for
1 ia udes bumps, dents, buckling orotherdamagetoskin, checks of

of inspection in manufacturing industry (Harris freedom of movement offlightsurfaces (elevators, rudder,
"and Chaney, 1969; Drury and Fox, 1975; time taps, scrvo tabs), checks of wear/play in activating
Drury, 1984). cables or bushings, and checks for cracks or corrosion in

internal structures.
2. Existing investigations of human capabilities in From the Lock and Strutt (1985) report had comesome

aircraft inspection (e.g. Lock and Strutt, 1985). detailed Task Descriptions of one particular inspection

task (empennage inspccion on B-707), and the Task
Although general Task Analysis systems are widely avail- Descripion/Task Analysis methodology used here was
able (e.g. Drury, et.al., 1987), it is advantageous to use a tested to ensure that it would cover such descriptions.
system directly relating to inspection. Much human The methodology employed was to perform site visits to
factors research in industrial inspection (quality control) tai detail ed Tk sc to p ical site visit,
has produced the following four major task steps for any obtain detailed Task Descriptions. On a typical site visit,
inspection job: interviews with system participants at all levels helped to

collect data on thestructure and functioning of the system

1. Present item to inspector. (e.g. organization, training) as well as collecting data on
rareevenissuch assystem errors. Direct observationswere

2. Search for flaws (indications). perfformed byhaving human factors analysts workwith an
3. Decide on rejection/acceptance of each flaw. inspector during completion of a workcard. They fol-

4. Take appropriate action. lowed the inspector, asking probe questions when neces-
sary, and taking photographs to illustrate points such as

Not all steps are required for all inspections. Thus, some lighting, field of view, access problems or appearance of

processes require no search (e.g. judgement of the color discovered defects. Task Descriptions were then tran-

match for painted surfaces), while others require no scribed onto standard working forms (Figure3.1), with a'

decision (e.g. noting the complete absence of a rivet hcid new page for each of the five steps in the generic task
"on a lap splice). In the aircraft inspection context, a rathcr analysis. At a later time, knowledge of human factors

longeiTaskDescriptionisrequired, expandingthePresent models of inspection (eg. Drury, 1984) and of the

item to inspector" task to indude both setup of task/ functioningof individualhuman subsystems (Sindairand
Sequipment, and acces to the correct point on a large and , Drury, 1979) was used to list subsystems requirced (A, S,
complex aircraft., rable 3.1 shows a seven-task generic P', D, M, C, F. P in Figu'-e3.) and any potential human/
Tisk Description, with examples from, each of the to system mismatches under Observations in Figurt3.1, to
main types of inspections: Visual Inspection (VI) and complete the Task Analysis.
Non-Deitructive Inspection. Visual Inspection is still the In addition to this work, other NAARP activities were
dominant mode, at least 90% ofthe total workload. NDI undertaken, including CAA/FAA liaison, ST Human
indudes eddy current, ultrasonic, X-ray and gamma-ray Factors in Aircraft Maintenance contributions, and dcliv-
inspections to render cracks visible, as well as augmented cryofpapcrs at FAA/NAARP meetings (seeApp'.ndix A).
visual inspection, such as dye-penetration testing and All contributed to system understanding.
borescope use. Note that in both cases the Task Dscrip-
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TASK DESCRIPTION VISUAL EXAMPLE NDI EXAMPLE

1. Initiate Get workcard, read and understand area Get workcard and eddy current
to be covered equipment, calib'-ate.

2. Access Locate area on aircraft, get into correct Locate area on aircraft, position self
position. and equipment.

3. Search Move eyes across area systematically Move probe over each rivet head.
Stop if any indication. Stop if any indication.

4. Decision Making Examine indication against remembered Re-probe while closely watching
standards, e.g. for dishing or corrosion. eddy current trace.

5. Respond Mark defect, write up repair sheet or if Mark defect, write up repair sheet.
no defect, return to search. or if no defect, return to search.

6. Repair Drill out and replace rivet. Drill out rivet. NDT on rivet hole,
drill out for oversize rivet.

7. Buyback Inspect Visually inspect marked area. Visually inspect marked area.

Table 3.1 Generic Task Description of Incoming Inspection with examples from visual and
NDI inspection

3.4 RESULTS AND DISCUSSION for integrating the findings, particularly the observations,
which would lead towards discovering human/system
mismatches.

Thebasicsystem descrýtion has alreadybeen presented in
the Introduction, so that only examples of Task Analyses' However, it became apparent that the observations listed
will be given here. The total numbers of workcards for were those which occurred to the analysts during system
which Task Analyses were performed are shown in Table observation and subsequent analysis. Amorecomprchen-
3.2, dassified by aircraft general area or zone. sive way was required for detecting mismatches. It was

decided to use a schema for classifying errors which was
No statistical sampling method was used to choose these initiallydevelopedtoaidtheSTPG process, andwhich has
particular tasks, rather theaimwas toschedule visits when been fiurther developed as part of the second year of the
heavy inspection was taking place and follow one or more GSC/NAARP endeavor. This consisted of expanding
inspectors during the observation period. Interviewswith each ofthe tasksteps given ithegenericTask Description
inspectors hdped to ensure that all aspects of inspection (Table 31) into its logi y-necessary substeps, and for
were covered. The aircraft types involved were Boeing each substep to list all of the failure modes, similar in
727,737, and 747 types, and McDonnell Douglas DC- concept to those of Failuh Modes and Effects Analysis
9 and DC-10s. Some engine inspections were observed (FMEA), for example Han iner, 1985. The current list is
where they contributed techniques of interest, e.g. shown as Table 3.3.
borescope orX-ray film reading (Fgure3.1). With NDI
tasks, the area ofconcentration was the strictly inspection This list formed the basis f Dr dassifying each observation
activities, e.g. film reading, while' the extensive safety by how it could cause a lure of the inspection system.
procedures required to dear the area for film -exposure Whazwas foundwhenth werecounted,was that many
were not recorded. Again, the aim was to discover sources ofthem involved factors wl ich would tend to increase the
of inspection error rather than aspects of system safety. probabilityoferrors, rather than strictlyleading to'an error

in a single step. Table.4 shows how these observations
Figurrr3.2and 3.3show theTaskAnalysis documcnts for were classified.
a VI and a NDI procedure, respectively. It would be
pointless to provide over thirty such analyses, as they are
the equivalent of raw data in an observational study such
as this. Rather, it was necessary to devise a methodology
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3.4.1 Potential Human/System Mismatches and ambient noise all contribute. For Initiate, the major

difficulties arewith thecontent and layout oftht workcards,
The most obvious way was to form a data base of all of calibrationstandardsfortheNDl equipment, NDI equip-
these observations, so that they could be counted and ment human/machine interface inadequacies, and coor-
listed in various ways. Such a data base was indeed dination of inspection activities with other aspects of
constructed using the REFLEX package, and is available maintenance. Search implications were largely visual (for
upon request. sensing) due to inadequate lighting at the workpoint, but
Note the large numbers of postural and other (mainly also included omissions ofspecific feedforward anddirec-

environmental) implications for Access, and the high tire information on the workeard, and lack of memory• aids for Search. For Decision, the major difficulties were
numbers ofcognitive implications for Initiate, Search, and
Decision. For Access, the implications mainly concern in obtaining and applying standards at the inspection
the physical difficulties of reaching and viewing the in- Point for each defect found.
spection site. Inadequate work platforms, limited space While it provides evidence for opportunities for error,
inside aircraft structures, the awkward postures required Table 3.4 naturally misses some of the ergonomic detail
to hold a mirror and a flashlight for visual access, and the required if Human Factors expertise is to contribute to
often non-optimal levels of glare, temperature/humidity, improved inspection. However, it doesserve toemphasize

HUMAN SUBSYSTEM

TASK A S P D M C F P s 0

1. INITIATE 1 4 39 12 34 0 12 0 6

2. ACCESS 0 11 4 0 3 0 0 32 27

3. SEARCH 10 45 47 36 31 3 1 8 1

4. DECISION 0 86 105 118 79 0 0 0 0

5. RESPOND 0 6 0 0 5 0 0 6 5

(6. REPAIR) . . . . .. . . - -

7. BUY-BACK 0 0 2 2 2 .0 0 0 0

Table 3.4 Number of Instances of Hurnaan Factors implications From Task Analysis

Note: A single task step may generate more than one humae factors implication.)

that not all errors lead to failure to detect a defect. Three Although only Type 2 errors have a direct impact upon
types of errors arc possible in an inspection system (e.g. airworthiness, the other two errors can have an indirect
Drury, 1984). cffe%.t, both by frustrating the inspector, and by directing

.rsources away from the critical tasks. It needs to be
pointed out that Type2 errors can occur in multipleways.

and unnecessary repairs are thus undertaken. Indeed, aType2 errorwill onlynotoccurifalloft hesteps

in the Task Descriptions are carried out correcdty. That is,
2. Type 2 error a defet is not recorded, so that the correct initial actions must be undertaken, the corr-ct

noeessary repairs are not undertaken. area accessed, the search must locate the indication, the
cnrrct decision that the indication is inde-ed adefect must
be made, the correct response of writing up and marking

S3. Da I thleadingtolonger inspection/ repair thedefcct must occur, repair must becarried outcorrectly,
interrupted, leading to longer nand the buy-back decision must be correct. For Type 2
periods. errors, the inspection'repair system is a parall.- system,
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which naturally increases tye probabilityofaType 2 error, potential interaction strategies for improving inspection
If PI through P2

7 represent the probabilities of correct performance. As can be seen;onlythefirst fivesteps ofthe
performance at each of the seven stages in the presence of inspection task are included, andporential improvements
a defect, then te probability of Type 2 errors is: rather than specific prescriptions are given. There is,

7 however, enough detail to compile lists of human factors
interactions which can proceed rapidly based on existing

e2 =1- P human factors knowledge, andthoseinteractionstrategies
which require more research before detailed prscriptive
advice can be given. It should be noted that even in the

For Type 1 errors and delays, errot recovery is possible at absence of direct human factors advice, many system
each step, so that the only way in which an error can be improvements have been, and will continue to be, imple-
made is if all steps are pert,.: "ned incorrectly. Thus, the mented by inspection organizations. Improvement is a
probability of a type 1 error delay is: continuous process in an industry with a long record of

innovation, so that it should not be surprising that there
are few improvementswhich can beimplementedwith no

, l (1 - p's) additional, effort. For example, there is an urgent need
i= (recognized both in this study and the (Lock and Strutt

study) for improved portable task lighting. However,
where P,' is the probability ofcorrect performance ofeach without at least a short study, itwill not be possible to give
step in theabsenceofadefect. Clearly, no matter how rare the make and model number of the best flashlight cur-
Type 2 errors are, decreasing them fuirther means improv- rently on the market. Some interventions can be imme-
ing the reliabiity of each' step in the inspection process. diate, for example replacing workcardswhich are entirely

written in capital letters with ones using both upper caseAgainst these three possible errors, the role of human and lower case fonts. Still other interventions requirefactors is to change the human/machine system so as to
reducetheerror incidence, that is to make thesystem more major studies, for example designing an integrated infor-
reliable. These areonlytwo possible interventions: chang- mation environment for the inspector.
ing the system to fit the human inspector, or changing the Key areas requiring intervention am those listed in S&a'on
human inspector to fit the system. The former has long 3.4.1 and in Table 3.5. It is possible to use the human
been the province of ergonomics/human factors, with factors knowledgeofinspection processestohelp gmerate
interface design receiving a prominent place. The latter, and classifyr interventions. For example, Drury, Prabhu
primarily selection, placement and training, has also been and Gramopadhyc (1990) used earlier knowledge of
a concern of human factors engineers, but other disci- search and decision-making (Drury, 1984) to list the
plines (such as industrial psychology and educational following interventions aimed at system (rather than
psychology) have contributed. A more reasonable view human) 'changes:
than the advocacy of either as an alternative is to consider
both as complementary aspects of achieving enhanced 1. Increasing visual lobe size in scarch-lighting,

human/system fit. This fit is necessary both to ensure contrast, target enhancement, optical ais, false
performance and to reduce the stresses on the hu man due colors on video.
to mismatche- (Drury, 1989). Human stresses can, in
turn, effect human performancein inspection tasks (Drury, 2. Improvingsearch strategy-briefing/fceciforward,
1986). Thus, the goal of the human factors effort in aids to encourage systematic search.
NAARP can be restated as choosing the optimum ir,ter-
vention srategy (changing the system or the human) to
minimize human/system mismatches at each task step, so 3. Enhancng faultdisciminability-standards arthe
that tht : icidence of error is reduced. workplace, rapid feedback.
3.4.2 Chice of Tntervention Strategies ,4.Maintainingcorrectcriterion-recognition ofpres-

Ssures on inspection decisions, organization sup-
A 'ror review ofthe field ofhuman factors in inspection port system, feedback.
(I' .-ry, 1990b) concludes that the practical potential for The list can be extended to indude redesign ofthe sysem
irrirovement due to sclection and placement of inspec- for better access and improved inspectability (Ds ry,
iurs is low, but that training and system redesign are

:xarticularly effective. Wih this in mind, Table 3.5 was
produced part way through the current project,.showing
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STRATEGY

TASK STEP CHANGING INSPECTOR CHANGING SYSTEM

- Training in NDI calibration - Redesign of job cardsInitiate (procedures training) - Calibration of NDI equipment- Feedforward of expected flaws

A-.Training in area location - Better support stands

Access (knowledge and recognition training) - Better area location system
- Location for NDI equipment

Search Training in visual search - Task lighting
(cueing, progressive-part) - Optical aids

- Improved NDI templates

Decision - Decision training (cueing - Standards at the work poing
feedback, understanding of - Pattern recognition job aids

_standards) - Improved feedback to inspection

Action - Training writing skills - Improved fault marking
- Hands-free fault recording

Table 3.5 2otential Stratagies for Improving Inspection

3.4.3 Short-Tenn InterintL.. ,that aircraft type. There were differences in level and

depth between different workcard systems, and none
From all of these* ways of generating and classifyring attempted to provide layered information, so that those
interventions, the following can be listed as short-term familiar with a particular inspection could use more of a
interventions to overcome stated mismatches. Note tha" checklist, while back-up information would be available
the two major issues of the information environment and to thosewho had not performed that particular inspection
training design are given more complete treatments later, recently. Some systems did, however, have an integrated
taken from (Drury 1990a) and Drury and Gramopadhyc "lnspector'sClipboard"which hadaplace fortheworkcard,
(1990), respectivdy. Non-Routine Repair cards and other necessary paper-
3.43.1 work, in apackage convenient for carrying at theworksite.

"Short-term interventions for workcards thus indude

3.43.1.1 Design ofWoksheets 1. Changing the format and font to improve ease
of use and legibility.

Even within this relatively homogeneous sample ofmajor
aircarriers,therewas considerable variability in Workcards, 2. Ensuring that visual material is incorporated
orJob Cards. Many were now computer-printed. reduc- into the workcard.
ing earlier problems of copy legibility, but some were 3. Consistent naming of parts, directions, defects,
generated by computer systems lacking graphics capabili- and indications between all documents used
ties. For these, the graphics'necessary for location and by inspectIrs.
inspection were attached from other sources, often with 4. Multi-level workcard systems, usable by inspcc-
imperfect matchingof nomenclature for parts and defects tors with different leves of immediate familiar-
between workcard and secondary source material. These tr with dfe wor ds ofie it f
additional cards were ofieii from microfiche, which has ity with the worksheet content.

poorcopyqualityandashinysurface, makingreadingon 5. A better physical integration between the
the job difficult. Other cards were all in capitals, a known workcard and the inspector's other documents
violation of human factors principles. Still others did not and tools needed at the worksite.
call out particular faults using the latest information on
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3.4.3.1.2 NDI Equipment Calibration stands, access is jeopardized and pressures are placed ,on
the inspector to minimize the timespent inspecting. Both

The calibration procedures used for NDI equipment can directly cause inspection errors. For each worksheet,
involve a human/machine interface on the equipment, there should be an optimally-designed support stand
one or more calibration standards, and a knowledgeable specified and available.
inspector. Potential mismatches were seen in all three
areas. Th. followingarerecommended in theshort term: 3.4.3.2.2 Better arealocation system

1. Better labelling and control of all calibration stan-
dards, as is common in manufacturing industry. Much time is wasted, And occasionally errors are caused,
An inspector must know which standard is being because the inspector cannot positively locate parts of the
used and be assured that the standard is still valid, area to be inspected. Some task cards have no diagrams,
Procedures are available for standards control: most and rely on written instructions: others have diagrams that
(but not all) inspection systems in the sample ap- can misleadtheinspectorwhensearchingfortheareato be
peared to follow them. ins[ .cted. The inspector needs dear instructions to reach

the area, and dear confirmation that the correct area has
2. Improved human/NDI instrument interface de- indeed been reached. Thesecan beprovided simply in the

signs standard texts on human factors (e.g. Salvendy, worksheets, but for aircraft which are always precisely
1987) have considerable information on interface located in the maintenance hangar, more elaborate elec-
design to reduce error, this information needs to be tronic or optical location systems are possible.
used. As NDI equipment incorporates more com-
puter functions, the data on human,-computer in- 3.4.3.2.3 Better locations fir NDI equipment
teraction (e.g. Helander, 1988) becomes crucial to
design. Any design improvements in the human When the inspector needs to use NDI equipment, there
interface will also benefit the Search and Decision is often no convenient placeto put theequipment during
tasks. the inspection process. The inspector must frequently

place the equipment (with its associated display) out of
convenient sight lines. This makes it particularly difficult

3. Design the NDI interface for multiple levels of to perform the inspection and simultaneously read the
inspector familiarity. In many organizations, NDI display: errors are to be expected in such situations.
is not a full-time job, so that many inspectors have Design ofstands (Seaion3.4.3.2. above) should include
considerable time periods between repetitions of a provision for location of NDI equipment as part of the
particular NDI procedure. They obviously require workstand.
a different level of guidance from the interface than
inspectors who perform the sanme calibration each 3.4.3.3 Search
day. Multiple levels of user need to be considered,
as at present there is a marked tendency for the
inspector to rely on knowledge ofother inspectors 3.4.3.3.1 Improved lighting
to perform the calibration.

The factors affecting the conspicuity ofa defect are defect
size, defect/background contrast, and lighting intensity.

3.4.3.2 Acces The latter two are functi6ns of the lighting and can be
3.4.3.2.1 Provide better support stands improved without changing the aircraft deisign. Defect/

background contrast is a function of the angles between
Custom-madestands for each areaofeach aircrafitypeare the inspector's cq'c, the defect, and any light sources. In
expensive and difficult to Fore when not in use, but they general, an adequate level of illumination needs to be
do provide a security for the inspector, and optimum provided at the inspection point, with levels of500-1 000
accessibility for each task. In large facilities dedicated toa lux being typically recommended. However, the d istribhI
homogeneous fleet, such stands are almost always pro- tion ofthe light is at least as important as its intensity. For
vided, but there are exceptions. Cherrypickers are used for example, glare drastically reduces visual perfirmance, and
some surfaces, despite their control difficulties (poor can be caused by any objects or areas in the visual field
control/display relationships) and their unsteady working higher in luminance than thearea immreediately surro*Und-
platforms. Scaffotdingand stairs are used (at times) which ing the defect. Thus, open hangar doors. roof lights, or
would not be allowed by safety departments in most even reflections off the worksheet ,can cause glare. Of
manufacturing industries. Without adequate support particular concern iý that in inspecing partially-hidden
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areas (e.g. inside door panels), the lighting used to illumi- amples are play in bearings and cable runs, areas of
natethedefect maycauseglare from surroundingsurfaces. corrosion, or looseness pf rivets. All are consicered to be
Carefully designed combinations of general area lighting, "judgement calls" by the inspector, but sim,.ic job aids,
portableareatasklighting, andlocalized spotlighting need perhaps as part of the workshect, or standard inspection
to be produced. At least as an interim measure, the tools, would remove a source of uncertainty. Leaving
flashlights used by inspectors need to be standardized standardstounaidedhumanmemorymaybeexpeditious,
within an organization, and training is needed in how to but it is also unreliable.
use the flashlight correctly. 3.4.3.4.2 Patten-recognhion job aids

3.4.33.2 OpticaJ enhancement
Wherever a complex pattern must be recognized by the

Any device which increascs the conspicuiry of the defect inspector, such as in the appearance of corrosion on a
can be classified as an optical enhancement. Thus, dye painted surface, or the shape of an oscilloscope trace in
penetrant and magnetic particular inspection. techniques NDI, it is possible to provide job aids which will increase
fall under this heading. However, it is now possible to use the inspector's ability to discriminate a true defect from
the control ihherent in video tameras and monitors to visual noise. For visual inspection, these job aids can be
enhance luminance contrast, and to optimize color con- simply an extension of Ceaion 3.4.3.4. Jstandards at the
trast. With a computer between the camera and the work point. Visually-presented standards were found to
monitor, it should beroutir' -ossible in the future to use be very effective in the notoriouslydifficult task ofjudging
false colors in the image 1 nted to the inspector to solder joints in electronic assembly (Chancy and Teel,
increasedefect conspicuity. Borescopeswithvideomoni- 1969). For NDI equipment, some pattern-recognition
tors are currently available begin this process, but capabilityisnowbeingincorporated intothesoftware, but
researchwill be needed to opt 7esuchsystemsfordefect more can be done. More flexibility is required, the
detection. interface with the user should be improved, and the

allocation of final decision between human and machine
3.4.33.3 Improved NDI templates should be made more flexible.

With NDI techniques such as Eddy Current or Ultrason- 3.4.3.5 Respond
ics inspection, location ofa probe on the inspected surface
is critical. At present, some use is made of what would be 3.4.3.5.1 Improved defect indicating system
termed jigs or fixtures in manufacturing industry to aid Even as simple a task as marking the aircraft to show the
this accuratepositioning process. An example is the use of point of repair needs to be improved. Mcthods observed
circular hole templates to ,uide the'Eddy Current probe point ired to be imr ve. tods obsersed
ground, the heads of rivets in lap splice inspection. With have induded s chinagraph" pencils in various colors, soft
such a device, the need f r the inspector to perform an pens, and stick-on paper tags. Marking systems can be
accurate control task at the same time as attending to the difficult to remove completely when the repair is com-

display is removed, with m attendant reduction in the pleted, leading to unsightly marks which can impair the

opportunity for error. No ethat the template should not confidence of the travelling public. Tags can also be left

require a second hand to eep it in place, as the inspector on the aircraft, or leave behind a residue which impairs the
nfinish. Onesitehad moved to a marker system so pale thatmay not be able to main ýn balance or reset the equip- it was difficult for the repair personnel to see. The

ment if both hands are oupied. .requirements for a marking system are relatively simple to

3.4.3.4 Desion write: awhollysatisfactorysystem now needs to bedevised
to meet these requirements so that an error-free commu-
nication from the inspector to the repair personnel can

3.4.3.4.1 Standards as the work poit result.

It has been known for many years that if comparison 3.4.3.5.2 Hands-free defect recording

standards are available at he work point, more accurate
inspectionwill result. Yeti many cases such,srandards are When the inspector discovers a defect, both hands are
not available to the aircmi inspector. If the maximum typically occupiod, and the Non-routine repairs (NRR)
allowable depth of a wear mark is given as 0.0410 inches, forms may not be close enough to use. The inspector will
there is neither a conveni nt way to measure this, nor a often "remem r" one or more defects until there is .a
readily available standard for comparison. Other ex- convenient time to record them. This is a potentially
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error-prone procedure. Not all of the data on the NRR 3.4.3.7 Buy-Back Inspection
form needs to be recorded at this time (e.g. inspector and
aircraft identifications, date), but some temporary infor-
mation storage is required to aid human memory. Some 3.4.3.7.1 Integrated inspect/repair/buy-back
inspectors do record each defect as it is found, accepting
the inconvenience of leaving and re-accessing the inspec- system
tion point as a necessary step. However, there is no
guarantee that search will resume at the correct point Final disposition of a defect depends critically upon the
following recording. Others use miniature tape recorders communication between the original inspector, the re-
to provide a voice-input information storage. The re- pairing technician(s), and the buy-back inspector. In
corder (e.g. dictation machine) is often taped to the most current systems it is entirey possible for different
flashlight, ordippedtotheinspector'sclothing. Tapesare inspectors to be involved in the initial inspection, in
transcribed later onto NRR forms. Although errors of consultation at critical points in repair, and in final buy-
transcription are possible, thesystem appears towork~well. back. The only communications between these inspec-
Improvements would be voice-actuated recorders built tors are those between the initial. inspector and the repair
into headsets for true hands- free recording, and training in technician, i.e., the NRR form and any markings on the
a standardized procedure for what Tr record. A review of aircraft. Because of this, there are opportunities for error
all such systems is needed to determine how best to meet at each interaction in the process. Hence, thc•e two forms
operational requirements. of communication need to be highly error-resistant, or

lines of verbal communication between the. participants
3.4.3.5.3 Prevention of "serial responding" need to be opened. In other countries' systems, e.g.

United Kingdom, one inspector temains with the repair
Insomesystems, the inspectois will record a minimum of team throughout all stages, thus reducing these problems.
information at the inspection site (see Section 3.43.5.2 However,'the potential for multiple independent assess-
above), and complete the data recording as part of the ment is lost with such a system. The solution to this
"paperwork"atalatertime. This mayinvolvefilling in all integration problem is not simple, but many steps to
ofthe"constant" parts oftheNRR forms (e.g. aircraft ID), improve participant communication can be taken. Ex-
and signing/stamping each task step on the works heet. amples are communication training, standard practices
There is a tendency to wait until all paperwork is corn- forwritingand nmarking, andeven theuseofvoiceorvideo
pleted before signing/stamping the whole sequence of to supplement written communications.
tasks. Su'h 'serial responding" can lead to inadvertent 3.4.4 Long-Term Interventions
signing-off on a task step which was not, in fact, com-
pleted. Whilesuch errors are presumably rare, thewritten
record 'is the only permanent recording of inspection/ While many of the short-term interventions listed in
repair information, and is relied upon by regulatory Section 3.4.2 have some long-term implications, four
bodies. There are Quality Assurance checks of the paper major areas are recommended for more detailed study:
record against the condition of the aircraft, but only on a
sampling basis; and only if the indication is visible,'i.e. a 314.4.1 Error Control,
,repair or very obvious defect. While 'it is difficult to
provide a perfect procedure to prevent "serial response" it In orderto control errors in theaircraft inspection process,
should be noted as a possible error mode and improved it is necessary to be able to define these errors accurately
systems investigated. 'and unambiguously. With properly defined errors, they

can be identified, recorded, collected and analyzed, as the
3.4.3.6 Repair first step towards control. Systems safety emphasizes such

error identification and control for all complex systems,
(Repair was not considered as part of this study.) induding civil aircraft. There is a need to apply the same

techniques to the human/machine system of aviation
inspection, the necessary first step in any program of
maintenance to ensure safety of the travelling public.

A first step has been taken towards a classification system
for inspection (and to a lesser extent, repair) errors in the
error taxonomy presented hereas Table3.3. Foreach sub-
task, the logically-possible errors are listed to form an error
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taxonomy. Eacherrorisunique, but thesame effects may system, there is an urgent need to devise information
be causdl bec several different errorq. Thus, a fault may b systems which are integrated rather than piecemeal. This
missed because offailur to calibrate equipment, failurc to section, based on Drury (1990a), is aimed at integration.
reach the correct inspection point, failure to examine the A unified view of the inspection process as a closed-loop
area and so on. This concept needs to be refined and control system will be used to introduce some of the
expanded if it is to form the basis for an error control relevant inspection/information literature, andtodernon-
system. For example, in Table3.3, Visual Inspection (VI) strate inspection needs at each step in the inspection task.
and Non-Destructive Inspection (ND!) are covered by
the same task and' error taxonomy. This has meant Anysysteminvolvingahumanist)'picallclosed loop (e.g.
expanding some of theconcepts; such as the visual lobe in Sheridan and Ferrell, 1977). Obvious examples are in
VI, to cover other NDI situations. In this way, separAte flying an aircraft or driving a car, but the concept applies
error taxonomies are not required for VI and NDI, equally to inspection tasks. Aq shown in Figure 3.4, the
although in practice it may be easier to produce separate hunan in the task receives some instruction, or command
but related taxonomies, and merge the data from each at input to use systems terminology. The operator and any
the analysis stage. associated machinery transform this command input into

a system output. To ensure stable performance, the
Asecond expansion is also neede .u rrors in Table3.3arec system output is fed back to the input side of the system,

lassified by their immediate causes (e.g. '1 6 1 Correct whereit iscompared against thecommand input. Ifthere
Equipment not available"). However, this does not lead is any difference (command minus output) the system
to more distant cnuses. Why was correct equipment not responds to reduce this difference to zero. A closed-loop
available? Was it poor scheduling or was the equipment model of the inspector (Figure3.4) can be applied to the
being repaired? For more obviously human functions, generictaskdescriptionofinspection(Table3.1)tolocate
such as "1.5 Inspector understands instructions", the and evaluate the sources ofinput (command) and output
failure modes (errors) need further classification as to why (feedback) information.
instructions were not understood, misinterpreted, or not
acted upon. Were the instructions illegible, was the 3.4.4.2.1 Information in Inspection
illumination poor, was confusing language used, etc.? A
matrix rather than the long list'of Table3.3 is evenually While it is not obvious from Figure 3.4, the command
required if we are to proceed from the necessary first step input may becomplex, and include loth hat needs to be
of counting errors to the ultimate goal of selecting inter-
ventions to cont rol or eliminate these in - accomplished and help in the accomplishment; i.e. direc-

tiveand feedforward information. Forexample, aworkcard
3.4.4.2 JJltngrai• d lnfonnaaion Ent may contain 'detailed inspection of upper lap joint" in a

specified area (directive) and "check particularly for corro-
siop between stations 2800 and 2840" (feedforward).

While many of the interventions listed under Section Thus, therearc rallythreepotentialpartstotheinforma-
3.4.3wcreconcemedwith aspectsofthe information flow tion environment: directive information, feedforward
between the inspector and the rest ofthc inspection/repair information and feedback information..All are known to

SSYSTEM:
HUMN ACIN

Fzigur 3.4 COosedLoop Coutral . -,
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have a large effect on manufacturing inspection perfor- With the background ofthe effectiveness in tad,;ulatingr
mance. the information environment, each task in inpcmt;iI will

be considered in turn.
Directive Information involves the presentation of infor-
mation in a form suitable for the human, the basis ofgood Task I: Initiate licre, the command in formation
human factors. An exampie from inspection is the work predominates. The workcard gives tie location type of
of Chaney and Teel (1967) who used simplified machin- iispcc0on to be performed, and at times also feedfoirward
cry drawings as an aid to inspectors. These drawings, of information of use in the Search and Decision phaseo.
machined metal parts, were optimized for inspection Typically, however, this information is embedded in a
rather than manufacture, with dimensions and tolerances mass of other necessary, but not immediately useful,
in the correct placement and format, and with similar information. Often the information contairts attached
characteristics grouped together to encourage systematic pages, for examplewith diagrams ofparts to be inspected.
inspection. Compared to acontrol groupwith theoriginal While laser printers making a newcopy foreach workcard
drawings, inspectors using theoptimized drawings found have helped diagram quality, inspectors still find some
42% more true errors in a test-batch, difficulties in interpreting this infiormation. Supplernen-

tal (feedforward) information is available in manufactur-Feedforward Information can consist of two pants: telling esmnas A onmnctos ncmaymms

the inspectorwhat defects are expected and providingthe emessages, but these sources are nydically not used at
probability of the defects. Because there are typically a
large number of potential defects, any information made in"r.ection time. [hiscan plaeeaburdnontheinspectors
available to the inspector is valuablein focussing thesearch memory, suggesting an integrated system is appropriate.
subtask in particular. Many investigators (e.g. Gallwey Feedback from the initiate task is obvious in many cases
and Drury, 1985) have found that looking for more than because it comes from Task 2 - Access. An exception is
one type of defect simuitaneously can degrade detection feedback for NDI calibration, which must be provided
performance, so that focussing on likely defects can be dudngthecalibration proces sorthcreivill henoassurance
expected to resultin moredetections. Druryand Sheehan that Search and Decision can be performed correctly.
(1969) gave feed Forward information on fault rypeto six Task 2: Access ln order to access an area ofan aircraft the
inspectors of steel hooks. Missed defects were reduced

From 17% 1 to 7.5%, whilz false alarms were simulta- area must first be opened and cleaned, neitherofwhich arc.

neously reduced from 5.5% to 1.5%. Information to the under the control of the inspector. Thus,'scheduling
inspectorsontheprobabilitiesofadcfect beingpresent has information required for access is the assurance that the

not led to such clear-cut results (e.g. Embrey, 1975), and area isreadytoinspect. Work chedulingsystems typically
indeed a recent experiment (McKernan, 1989) showed assurethis, but wrong informationdoesgetto theinspec-

tor at times, giving time loss and frustration. It is at Accessthaprobablityht confusions in location fromask should become
for the most difficult-to-detect defects.

apparent. Improved information systems for locatingan
Feedback Inforrmation has had consisteni posive' resalts area on an aircraft unequivocmlly are needed, and need to
in all filds ofhuman performance (e.g. Smith and Smith, be integrated with other informationsystem components.
1987), provided it is given in a timely and appropriate It should be noted that feedback on access can be given in
manner. Wiener (1975) has reviewed feeclback in training
for inspection and vigilance, and found it universally anysthatn thelcretarea hattbe
beneficial. Outside of the training context, feedback of insetor can be
results has had a powerful effect on the inspector's ability rched.
to detect defects. Embry's laboratory studies (1975) Tisk 3: Search. It is in the tasksofScaarth and Decision-
showed a large effect, but so did. Gillies (1975) in a study making that information has theljhrges potm-ntial inipact.
in the glass industry where missed defects were reduced In visual search the inspector must clsely examine each
20%o when feedback was implemented. Drury and area for a list of potential faults. Whidc areas aresearched
Addison (1973), another glass industry study lasting is a matter of prior iniformation--either from training,
almost a year.!howed a reduction in missed defects from experience or the workcard. lherelativeeflort Lnpendcd
15% to 8.8% after rapid feedback was introduced. More in each area is similarly a matter of both directive and
recently, Micalizzi and Goldberg (1989) have shown that feedforward information. if the area of main effort is
feedback improved theJiscriminability ofdeficts in a task reduced, the inspector will be able to give more thorough
requiring judgment of defect severity, coverage in the t;me available. An information system can

be used to overcome the prior biases of training and
experience, if indeed the-c h, ,' bcc to be overridden in
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a particular instance. The fault list which the inspector the inspector to buy-back any repairs which have been
uses to define the targets of search comes from, the same completed.
three sources. This fault list must be realistic, and consis- Feedback as a rtsult ofthe Response is rare. Only a small
tent. In many industrial inspection tasks, developing a sample of work is audited, and any feedback from this is
consistent list and definition of fault names to be used by typicaliy negative rather than positive. Ifya dcfc is
all involved is a major contribution to improving inspec- rypiorted thene edrather tha n spes torve hIf reported is

tion performance (eg. Drury and Sinclair, 1983). Faults
often go by different names •o inspection personnel, cabearranged. However ifthe inspector does not report

sof worksheets, causing mis- the defect (either search failure or a wrong decision) only
manuactrers an wriersan audit or subsequent inspection will give feedback.directed search and subsequent errors in decision and

responding. Probabilities ofthedifferent targets or defects For many defect types, a defect may'on!y be an indication,
are rarely presented. Again, system integration can help. not required to be reported, and Fence not reported.

s Unfortunately, the fact that the inspector found it is thenFeedback of search success only comes from Task 4 - ls omr stecac ftesm npco en
lost forever, as the chance of the same inspector beingDecision Making, and only then if an indication was assigned to the same part of the same aircraft on subse-

round. If the indication was missed, then feedback awaits
the next inspection or audit of that area, presumably quent checks is small. Capture of some of these indica-

before the fault affects safe operation. Note that if an tions maybe away to provide more detailed feedforward
indication is found, feedback is immediate, but if missed, for subsequent inspections and once more, an integrated
feedback is much delayed. Delayed feedback is often no system will be required.

better than no feedback. Task 6: Repair. From the inspector's point of view,
information is flowing outward at this task, i.e. to the

make a:correct decision on an indication isrirtief onof repair technician. Potential difficulties of the recordingmak a orrcx eciionon n idictio isin ae or~ of and marking system for other participants have already
astandard against which to compare the indication. Such
standards at the working point can beextremely effective, been noted (&,ion3.4.3.7l).
for example McKenndl (1958) found that they reduced Task 7: Bty-Back. Both command and feedforward
the average error of a trained inspector to 64% of its information to the buy-back inspector come from the
magn'itude without such standards. The need for these NRRformandanymarkingsintheaircraft. Feedbackto
comparison standards has been noted earlier (set'on thebuy-backinspectoris, li!:ethattotheoriginalinspector
3.4,3.4.1), but the recommendation here is to incorporate in Task 5 only, from audit or subsequent inspection.
such a standard within a unified system. In all of th'! above tasks, information needs can be seen,
Feedback to the inspector in the Decision Making task is and be seen to be met less than perfectly by current
not rapid or obvious, If an inspector marks a defect (and systems. Although Setion 3.4.3provides suggestions for
writes ii up), it will be repaired and go to a buy-back specific improvements, theopportunityneedstobetaken
inspection. Currewtly (Sction 3.4.3.5.1), because of to devise more integrated solutions. The coming of
scheduling constraints and shiftwork, it will rarely be the powerful, but port.-ble, computerswith netwcrkingcapa-
same inspector who gets to re-inspect that repair. Thus, bilities,can aidthi;systems integration. Already prototype
an opportunity for feedback is being missed. In addiiion, systems exist for aiding fault diagnosis in aircraft systems
somerepairswilldestroythedefectwithoutconfirmingit, (Johnson, 1990), so that the practicality of aiding the
e.g. drilling an oversize hole to take a larger rivet when airframe inspector is real. The challenge is to understand
FddyCu rren rt inspection has indicated a small crack in the, what information needs to be given, and calptured, by such
skin by that rivet.. a system, and to understand how information technology

Tisk 5: Response. The physical response made by the can be applied to fault detection rather than fault diagno-
inspector represents the output information from the
inspector to the system. It is as much a part of the Research isneed3dtoprovidemoredetailofhow much of
irformation environment as input and feedback. As each type of information (command, feedforward, feed-
notedearlier(Sef'ion3.43.5..),recordingcurrentlyplaces back) nexeds to be provided for optimum inspection
a memory load on the inspector, or means that interrup- performance in each task step. !nparallel, the technology
tions occur in the inspection job. Other interruptions of information capture, interface design and hardware
come from scheduling (e.g. an extra inspector is required fihnciioning needs more research to make it applicable to
on another job), from unscheduled events such as more the specific needs of aircraft inspection.
cleaning being required before an inspector can complete
aworkcard, and from maintenance operators interrupting
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Most inspectors receive their training in these cognitive3.4.4.3 Train~ing Design and Implementation
aspects on the job, by working with an experienced
inspector. This is highly realistic, but uncontrolled.

An obvious intervention in improving inspection perfor- Experienceintraininginspecrorsinmanufa~curingindus-
mance is to call for improvements in training. As will be try (Kleiner, 1983) has shown that a more controlled
shown, traininghas a powerftl effect on inspection perf6r- t.aining environment produces berter inspectors. Iftrain-
mance, even when applied to experienced personnel. ing is entirely on the-job, then two of the main determi-
Also, a basic Task Description of inspection, the first step nants of the "raining program, what the rtir-,ee sees and
in any training-scheme design, is available (Table 3...). what feedback is given, areamatterofchaicc, i.e ofwhich
From this task description, it is seen that both manual/ particular defects are present in the partizular aircraft
proedural tasks (Initiate, Access, Respond) and cognitive inspected. There is a largedifference between training and
tasks (Search, Decision) are represe,,ced. While training practice. Figure3.5(Parkerand Perry, 1982) shows how
for procedural tasks is relatively straightforward (e.g. the effective discriminability oft target changed between
Jobnsen, 198 1), most of the opportunities for error occur two periods ofpractice, comparedwith periods beforeand
in the cognitive aspects of inspection (Drury, 1984). after training. There was a highly significant improve-

The current state of aircraft inspection training is that mentwithtrningbutnotwithpractice. Thechallenge
much emphisis is placed on both procedural aspects ofthe is to apply what is known about human learning of
task (e.g. how to set up for an X-ray inspectiorn of an cognitive tasks so as to maximize the effectiveness of

aileron), and on diagnsis of the causes of problems from training for the aviation inspector.
symptoms (e.g. trouble shooting an elevator control cir- A basic, principle of training is to determine whether the
cuit). However, the inspectorswehavestudied inoou rtask actiyiry is ind.xd trainable. Studies of visual search
analysis work have been less well-trained in the cognitive (Parkes, 1967; Bloomfield, 1975) have shown that both
aspects of visual inspection itself. How do you search an speed and accuracy improve with controlled practice.
arrayofri,-It--by columns, by row., by blocks? Hcwdo Embrey (1979) has shown that for decision-making,
you judge whether corrosion is severe enough to be discrim inability can be trained. Thus, both cognitive
reported? factors (Search, Decision) can be trained.

Discriminability

"4 E Trairing

0 Practire

2

0:,
first Second

Trial Number_.

Figure 3.5 Training Venus Practice

84



The Maintenance Tedcnician in Inspecton

The principles on which training should be based are 1. Cueing. It is ofien necessary to cue the trainee as to
relativelywell known, and can besummarized (Goldstein, what zo perceive. When a novice first tries to find
1974): defective vanes in an engine, the indications are not

. Develop and maintain attention" i. fos te obvious. The trainee must know what to look for in
trainee, each X-ray. Many organizations have files ofX-ray

film with known indications for just this purpc-".
2. Present expected outcomes, i.e. present objec- Specific techniques within cueing include matc; -

tives. to-sample and ddayed-match-to-sampk:.
3. Stimulate recall ofprerequisites, i.e. get ready to

ieaM. 2. Feedback The trainee needs rapid, accurate feed-
4.. Present underlying stimuli, Leý form prototype back in orderto correctlydassify adefect or to knowparttunsd whether a search pattern was effective. However,

when training is completed, feedback is rare. The
5. Guide the trainee, i.e. build up skills progres- training program should start with rapid, frequent

sivedy, feedback, and gradually delay this until the'"work-
6. Give knowledge of results, i.Le rapid feedback. ing" l1vd is reached. More feedback beyond the
7. Appraise performance, i.e. test against objec- end of the training program will help to keep the

tives. inspector calibrated (e.g. Drury, 1990a).

8. Aimrn for transfer, i.," help trainee generalize.
9. Aim for retention, i.e. provide regular practice

after training.
Control is important, e.g. 4, 5 and 6 above all require the
trainee to receive a carefully-tailored experience to 3btain
maximum benefit. Some particular ways in which these
principles have been applied are.

30 0Training30 0 Practie

25 IISearch

20

10

5

Ss0 L 01 V '
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Trial Condition
Figure 3.6 Trauinig Coudtion
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Active Training. In order to kcep the trainee 3.4.4.3.1 ExamplesoflnspectionTriaininginManufac-
involved and aid in internalizing the material, an turing
active approach is preferred (Bclbin a~nd Downs, Table3.6 modified from Cz(aja andlDrury (1981), shows
1964). In this method, the trainee makes an active the results achieved by industrial users of the training
response afier ach new piece of material is present, principles given above. In cich case, the inspectors were,
e.g. narming a FadIt, waiting a disrepancy card. experienced, but the results from new training programs
Czaja and Drury (1981) showed that an active were dramatic. To provide a flavor of one of these
trainingprogram was much more effective than the successfil p 9grams, the final one by Kleiner and I)rury
equipment passive program (Figure3.6) for a com- will be illustrated. The company-manu,"aau red precision
plex inspection task. roiler bearings for aircraft, and the training scheme was

aimed at improving the performance of the inspectio
Progressve Part. A standard mh oo in fnctiL.. for the rollers. All inspectors were experienced,
industrial skillstraining(e.g.Sfrom 2 to 14 years, but measurements of performance.

1973) is to teach parts of the job to criterion, and (Drury and Sinclair, 1983) showed much room for

then successively larger sequences of parts. Thus, if improvement. Based on a .l d - ask Analysis,a two-
four task elements were E,, F2, E, and E4weworild day training program . ,::,eloped. Inspectors were
have taught using a task cara-baced system. Each card had a

color-coded task section.

* Train E,, E,, EýE, separately to criterion. * Naming of defects (flaws)
• Train E, and E,, F and E4 to criterion. * Naming of parts (surfaceS)
-Train Eý and EF and 1,, E2 and E3 and E4 to criterion. * Handling methods (handling)

1 in whole task E and FI and E, and F, to • Viual search (search)

criterion. * Decision making (standards, decision making)
This technique enables the trainee to understand * Process intr.cface.
task elements separately and also the links between For each section, there were a progressive set ofcards with
them which represent a higher level of skill. Czaja information, possible physical examples or test proce-

dures, and a s4..quence indication. Each card required anand Drury .(1981) and Kieiner (1983) used pro-

gressive part training very effectively, active response.
Devedop Schema. The trainee must eventualy be This training program was evaluated in two ways. First,
able to generalize ,the training experience to new two new recruits were able to achieve perfect scores on the

situations. For example, to train for every possible test batch at the completion ofthe program. Second, the
site. and extent of corrosion is dearly impossible, s quality of feedback from i-spection to manufacturing
tbl the trainee must be able tO detect and dasifi increased so much that scrap was halvd between the six
corrosion wherever it occurs. Here, the trainee will months before the training and the six months after. The
have developed a "schema" for corrmion which will wholeprogram was replicated for the in ntr and outer races
allow the correct response to be made in nove' of the bear;ngs, entirely by company personnel using the

situations which are recognizable instances of the roller training program as an example.
schema. The key to development of schema is to Such a trainingprogram in thecognitiveskills underlying
expose the trainee to controlled variability in train- faultdetection is needed for aircraft inspectors. )ruryand
ing (e.g. Keiner and Catalano, 1983). Gramopadhye (I 99) show how it can be applied to one

aircraft inspection task, but a more complete d&sign is
needed ifan impact istobe made. It is reconimended that,

4ot allofthesetechniques areappropriatetoall aspects. of in addition to the training in fault diagnosis in avionics
raining aircraft inspectors, but there are some industrial systems beingundenraken by Johnson (191M), moredlthn
xamplcs oftheirusc, which can lead to recommendations be made to. use the task analysis data already collct(-ed to
or aircraft inspection training, devise improved training programs fir airfranie inspet'tors

using theabove principles. 'Tle training programs for lie
cognitive and manuai skills of fault detection then need to
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haoter Three

e evaluated to demonstrate their effectiveness, as was Aircraft inspection tasks are diverse, as was fo' nd dlearly
one for the studies in Table 6. From these demonstra- in the current study. They range from visual detection of
ons, a standard methodology needs to be developed so many discrete defects, though kinesthetic detection of
sat aircraft: repair sites can'apply the same principles on a play in bearings or cables, to tactile inspection for loose
)urine basis to al existing and new inspection tasks. rivets. N DI tasks rep resent another specraium of req ui red

inspection skills. If inspection ability is indeed taisk
A44.4 Se~ection/Pl-acemnent Procedwre specific, the prospects fora single "inspection test" are not

good. However, it is worth recommending a definitive
broughout manufacturing industry, a major emphasis study of individual differences in aircraft inspection be--
as traditionally been placed by management or, finding cause the payoff for establishing a reilable and valid
ec right person for the right job. Aircraft inspection ilispection testwotdd be large. This recommendation has' '
)pears to be no exception. If there are individual dius a lawprobabdiiy ofsuccess but ahigh vaiueif it does
ifferernce in performance, then it appears reasonable to vzicceedand on balance is prob ibly worth performing. It
lect initially those applicants who havea. higher probi- should have the lowest priority of the four recommended7
Aliry of achieving high job pierformance, and placing long-ti~rm studies.
idividuals throughout their career into jobs which in ~ C N LSO S ~ ~
)Me way match their abilities. Unfortunately, the evi-
_nce in inspection tasks does not support this common The work reported here represents the results of the first
nse approach at Al strongly. A major review by WXiener .year of a p~roces dle:gned to use the known results of
975) concluded that emphasis on training and job/ human fictors in manufacturing inspection to aid in
luipment design would yield much highe; beneflis than improving the reliabil ity of aircraft inspection. As such, it
irsuirig the search for good selecrionlplacement tests, has concentrated on detailed observation of the curinEn
or the sperific job ofaircraft inspection, astudy is needed aircrafi inspection sy.stem, and the analysis of that system

make a definitive decision, so that resources can be in terms ot models found useful in improving manufac-
pilied to devising such tests, or the whole conicept can be tuning inspection. The sample was restricted initially to

amt aside. major national carriers, and all mnethodology had to be

Tiener raised the issue of test validity. If the insoccior's dvsdsei~ o icatiseto yaaoy cspite these inevitable limitations of any starting endeavor,
sk is to detect true defcts, while ignoring r, .,s solid condlusions can be drawn.
ien any potential tests should correlate with ~ca-
ires, rathce.' than with less-related measures ,;.ýh as 1. Tisk Analysis of aircraft inspection 'is possible,
1pervisor ratings. Harris and Chancy (1969.)cdevised a and has provenm useful in locating human/systcm'
elI-validlated sc 'lection iest for electronic inspectors, us- mismatches which can cause in-sper-tior. erOrS.
g the criteria of detection ability u-) establish validity. hpiipeadoclerv fmhunn
kowever, the test was found to benot validfor mechanical irr nmnfcuin n*eto aebe
ispectors. AX large study ofselection tests for inspecors in readi!y adaptedtoarahiscin.Ts
:neral toflcy 1983)af sinspe.d iot'en.a Tesshis a

(Galwey 193) sowe tht ~eierl tsts uchas ffort needs to continue with a more diversetelligence Of cogriaive style were not strongly correlated
ith performance. A simplified vcrsion of the actual
spection task was the on1v selection device to show 2. A set ofshort-term and long-termr interventi')ns
asonableecorrelations with performiance. Furtherstudy has been gei-eratcd, to guide bo~th relatively
f Wang and Drury (1989) found that using a'txk rapid implementation and the search for new
ialytic approach allowed tests of some-wharhighcrv'Jid- .data and'techniques (Secions .4.3 and 4.)
ito bechosen, butthe powerofsi~ch tests todiscriminare Implcmcnt;-tion cin onlyv be achieved by thec
-tween successul and unsuccesshul inspectors was not organizations whw.r mission is aircraft inslxc- .

gh. tion, anti maintenance. Thei r',cart.h tcam and
naly-sis of the &,'me data (D)rury and Wang,. 19%) the FAA shou~d work closely with th --e organi-
.termined that inspection performance wzs highly task. 7.ations both to implement changes, and to mea-
ecif ic. Good inspectors on one inspection task ma-' be sure the effectivenc&,s of these changes
iir on other tasks. This. fact W'ould explain why I larris
Ad Chancy's test only worked for the electronic'rspt:
m's for whom it was originally designe.d.

.88



3. A firm condlusion must be tha2t the current Drury, C.G. and `,ddis-on, 1L ,19.`7). An 7ni
system is good. Major improvementshave been Study of the eý%-hcrs ofE-f6i ýn L!id
mad over :he years (e~g. NDI equaipmnent), and in.j)ectioflpc•formna-flC2 ._--i- 16 ,p
all participants en-ountered during this srudy 169.
haveshown akeen commitmient to:/stentsafety. Drury, C.G. andFox, J.G. (1 197' 5) ftýmn "'aK.n
Ileimprovements which now need to bemade Qa7-C-to odo~ T or &,Francis.

am~ nor always obviouis or ca-,-/ if theywe.e they
would probably already h.ve been ma Recr-CG.adGaoady.K(~99j.Tan

omvnended improvements arethe result ofbring- vsa npcin nIx'.' f~ hr~
ing flew peqitise (human &ctors) to bear on an visuo Aa] Ixs'-.no, .7KU; ike onHuir.nF,

already efror-resistant system. in Aircraft Mtzin~ern-71 4 1~.%.ii!-on: Tr.-:
Issues. Atlan~tic Ciry, NwJcrrcy.
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Pdvanfed Techno1bgy Trining for Aviaton Maintenance

Chapter Four

Advanced Technology Training
for Aviation Maintmance

This chapter reports the status of a project to support the 4.1 RESEARCH PHASES
application of advanced technology systems for aircraft
maintenance training. The first phase ofthe research was The training technology research is divided ;nto three
to assess the current use of such technology in airlines, phasesthatwillbeconductdoverathreeyearperiod. The
manufacturers, and approved aviation maintenance tech- work began in January of 1990.
nicianschools. The findings oftheassessment are reperted In the arstsix months thestatus oftraining technology for
herem The second phase of the research is building a maintenance technicians was assessed. This was done
prototype inteligent tutoring system for aircraft mainte- m ena of teehnecin tewes a nd site iss to

nance training. The chapter defines intelligent tutoring with a sen
system technology and presents the specifications for the manufacturersairlines, and schools operating under Fed-
prototype. Thischapter alsodescribesexampleconstraints eral Aviation Regulation Part '47 (FAR 147). Currently
to the rapid design, dcvelopment, and implementation of the research team is designiing and building a prototype
advanced technology for maintenance training, intelligent tutoring system (T ;',, that can be used as a
4.0 INTRODUCTION demonstration of the app'ication of expert system tech-

nology to maintenance traih:ing. ITSs are desc.b.,d in
ThehumanisanimportamitcomponentinthecommerciaJ Section 4.2. The prototy,- will also be used to help
aviation system that provides safe aad affordable public air finalize thespecifications fora Qily operational intelligent
transportation. Much attention to the "Human Factor" in tutoring system thatwill becrmipleted in the second year
the aviation industry has focused on the cockpit crew. f~ra full scale evaluation in year three.
However, the FAA and the airlines recognize that aircraft
maintenance technicians (AMTs) are equal partners with Theoperationalintdlig,-.t tutoringsystemwill bebuilt in
pilots to insure reliable, safedispatch. The job oftheAMT conjunctionwith aschool and airline that were identified
is becoming increasingly difficult, as discussed in Cbapter during the firstsix mondis of the project. The intelligent
L. This is a result of the fact that there are increasing tutoring softwarewill be generic in design so that it can be
maintenance tasks to support continuing airworthiness of modified for a vari:ty of aircraft maintenance training
the aging aircraft fleet while, at the same time, new applications. The product will be a turn-kcy training'
technology aircraftfare presenting complex digital systems system fir maintenance. The important by-product will
that must bctinderstood and maintained. Sheet metaland be a field-teted approach to develop, effcierndy, subse-

mechanical instrumc: s hive given way to composite quent ITSs forai maintenancetraining.
materials and glass cockpits. These new technologies have
placed an increased training burden on the mechanic and ['he third phase will X dedicated to evaluation of the
the airline training organi7ations, intelligent tutoringsys em for maintenance training. The

The FAA Office of Aviation Medicine, as a part of the system will be irteg ted into i trairnng program' at a
National Aging Aircraft Research Program and the Na- school orairline. Use aceptance and training effective-
tional Plan for Aviation Human Factors, is studying a ness of the intelligent tutoring system for maintenance
number of Human Factors related issues that affect avia- training will be evalu ted. In addition, there will be an
tion maintenance& As described in Chapter 1, examples of analysis of the cost effi ctivenem of such train'ing, technol-
the projects under investigation include the týllowing: a ogy. Th i4.1Jis asu nmaryofthe three phases.
study of job aiding for maintenance task, tBerninger,
1990); design anddevelopment ofahandbook ofHuman 4,2 D ONS OF ADVANCED
Factors principles related to maintenance, a task analysis of TECHNO AND ITS
aviation inspection practices (Drury, 1989 and 1990); a Over the past decad instructional technologists have
study ot maintcnancc organizations (Taylor, 1989 and oros ol sd
I 99); and the assessment and specification/demonstra- offered numeroustech nology-based trainingdeviceswith
tion of advanced technology for maintenance training, the promise oftimpr ved ,efficiency and effectiveness".
"Theadvanced technology training research, reported here, These.trainingdevices areapplied to a varietyoi technical
is exploring alternatives for the effdertive and efficient training applications. Examples of such technology in-
delivery of a variety of a;rcrafi maintenance training, dude computer-based simulation, interactive videodisc,
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Chapter Four

Phase 1 1990 Technology Assessment and Prototype

Phase 2 10991 Build Complete Intelligent Tutoring System

Phase 3 1992. Conduct System Evaluation

Table. 4.1
Phases of Rewach Plan

;nd odiier derivatives of computer-based instruction. The software that differentiates ITSs from conventional
Compact dis; read only memory (CDROM) and Dlgital CBI are the models ofthe'expert, student, and instructor.
Video Interactive (DVI) -re two adc:itional technologies The expert model contains an understanding of the

that will offer the "multi-media" training systems of the technical domain represented in the instructional envi-
fiiture- 'ronment. There are numerousways to encode this expert

understanding. The most common is with production
The application of artificial intelligence (Al) to training rules. When the instructional environment is a simula-
caDtivated the instructional technology literature of the
eighties (Sleeman and Brown, 1983, Wenger, 1987,
Kearsley, 1987).The Al-based training systems are called
intelligent tutoringsysterm (Poison and Richardson, 1988,
Psotka, et al, 1988). This section will define zhe ITS U
technology as it exists today. The section will show
examples of systems that are currently in use and/or
development. The examples are those for which the
author has responsibility. There are many other excellent

ITSs in development today. Intelligent tutoring systems
are usually described with some version of the diagram in
Figurei.) (Johnson et al. 1989; Mitchell and Govjndlaraj, uurmucm. r"M
1989; Yazdani, 1987). IS XA 0*

At the center of the diagram is the instructional environ-
ment. It can include any of the techniques that have been
available with conventional computer-based instruction
(CBI). This could include the foowing. simpletutorials,
drill and practice, problem solving, simulation, and others.
It can be argued that the deign of the instructional
environment is the most critical clement in a training
system. However, an ITS is only as strong as its weakest Figure4.1 Inligent Tutoring
module. Systemn
Between the instructional environment and the student is
the user interface. The interface permits the student to tion, a portion ofthe expert model is often embedded in
communicate with the instructional environment. The the simulation. This is true with Microcomputer lntelli-
interface can be as simple as text with a keyboard. How- gence for Technical Training (MIITr (Johnson ct al.
evtr, today'sinterfacesaremorelikelytoindudesophisti- 1988 & 1989) and with the Intclligent Maintenance
cated color graphics, animation, audio, and video disc. Training System (IMTS) (Towne and Munro, 1989).
Example inputdevices are keyboards, touch screens, mice,
trackballs, voice, and other such hardware. Ile student mode is a dynamic accounting of student

performance withir a given problem. Most student
models also contain a historical record ofprcvious student
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performance. The final model, the instructor, compares Softwarehasalsoes'lvedtobecomemoresuitahle for ITS.
the student model to the expert model to assess student The new operatinf systems, with new hardware, perm it
performance. The instructor model, sometimes call ed rhe parallel processing nd direct access to unlI mit ed memory.
pedagogical expert, offers appropriate feedback and/or These two changeS, by themselves, will have a major
suggestions for remediation. The instructor model also impact on new training software. In addition to these
sequences subsequent instruction based on perceived level advances are a variety of software tools that facilitate the
ofcompetencc of the student. The instructor model is an development of interactive graphics, as an example.
expert system with production rules about training and
feedback. This model does not necessarily know anything Budget consideruions are a thira constraint to the devel-
about thecontent marterwithin the instructional domain. opment and imolemen•ation of ITS in technical training

environments. The advent'of ITSs on available micro-
4.2.1 Example Systems computers is driving down such costs. The development

Research on artificial intelligence in training has been of authoring systems, like MIIT Writer, will also bring

going on for quite some time (Carbonell and Coffins, down the costof ITSs.
1973) However, few systems have made a successful 4.3 ADVANCED TECHNOLOGY FOR
transition from the laboratory to real training environ- AIRCRAFT MAINTENANCE
ments (Poison, 1989, johnson, 1988b). Johnson has
offered a namber of the reasons that the transition has TRAINING
beencdifficult. Healso described howto build ITSs forreal The goal of Phase I was to identify the extent to which
applications (Johnson, 1988a, 1988b, 1988c). advanced technologywas being applied to aviation main-

Flowcharts and diagrams, like the one in Figure 4.1, are tenance training. Toaccomplish this goal, asample ofthe

heipf.l to gain a broad understanding of the ITS concept. population of airlines, schouls, and manufacturers was

Examples of operational ITSs are a better way to under- either visited or interviewed' by eleephone or personal

stand and appreciate their potential for technical training, discussion. Theo-ganizations that had major input to the

MIT', MITT Writer (citation), and Advanced Learning survey are shown in Table 4.2.
for MSE (AIM) (Coonan, et al, 1990) are examples of Each interview began with a discussion of the perceived
such systems. status quo ofmainltenance training. Table 43 summa-
4.2-2 Sumimary' of Eample~s rizes the preconceptions that served as a basis for initial

discussions.
MWIT, MITT Writer, and ALM are but a few examples The interviews confirmed that theinitial perceptions were
of ITSs that have transitioned from the laboratory to the
operational training environment. This transition was accurat However, there were noteworthy exceptions.
possible because the systems were designed to meet the Perhaps the most significant ofthe incorrect assumptions
hardware, software, and budget constraints associated wasthe FAA poskion on advanced technology for main-
with real training. These systemsop-rateon hardwarethat tenance training. The discussions with FAA personnd
is available, in place, today. If intelligent tutoring systems and training personnel throughout the industry confirm
are to become a part of technical' training they must be that advanced technology training systems have the po-
sensitivetotheseconstraints. Eachwill be brieflydiscussed tential to substitute for real equipment in certain labora-
here. torytasks. Forexample, an AMTtraineecan learn to start

Hardware is the first constraint. Most of the early ITSs and ,troubleshoot a turbine engine using a simulation
were developed on dedicated artificial intdligence work- rather than the real engine. Advanced technology cannot
stations. Such hardware is considered to be obsolete and substitute for many psychomotor activities but is espe-
impractical by most developem However the early ITS cially usefil where students must practice the integration
development on the Xerox and Symbolics workstations of knowledge and skill for problem solving, decision
permitted the initial design principles for today's systems. making, and other such diagnostic activities. It appeas,

The hardware problem is history. 7, oday's computers, the therefore, that simulators and other advanced technology
IBM-AT, compatibles and the Macintosh, have the capa- 2-e becoming an important component of maintenance
bilityforlTSs. The faster 80386 and 80486 processors are training curricula. Proposed changes to FAR 147 have
providingsignificant capabilirytoddiver intelligent train- suggested that thecurriculum may beprrtented utilizing
ing. Such hardware is becoming increasingly affordable currendly accepxed educational materials and equipment,
and reasonable for training applications. including, butnorlimited to: calculators, computers, and

audio-vistAl equipment."
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AIRLINES: American Airlines Maintenance Academy
British Airways
Continental Airlines
Delta Aidines
Northwest Airlines
United Airlines
ATA Maintenance Training, :ommitte,,•

SCHOOLS: Clayton State College
Embry-Riddle Aeronautical University
The University of Ilinios

West Los Angeles College
MANUFACTURERS: Boeing Commercial Airplanes

Douglas Aircraft
Airbus/Aeroformftion
ATA Maintenance Training Committee

Table 4.2 Sources of nfonnation for Technology Survey

4.3.1 A Discussion of Hardware for Advanced
Technologyhardware standard. Many airline managers were outsp-ken about their dissatisfaction with the lack of standards

All of the interviews resulted in a discussion about the among the various CBI vendors. The Air Transport
appropriate hardware systems for advaner' ..-..ýhology Association (ATA) Maintenance Training Committee
training. While there is not unanimous agreement, the (ATA, 1989) has strongly recommended that all manu-
current favorite is the 80286 or 80386 operating in the facturer-producedcoursewarebedcsigned foracommois
DOS environment. VGA seems to be the acceptable video non-proprietarysystem like the IBM-AT and compatible

• Maintenance training is traditional.
" Training personnel do not have time to develop

advanced technology training systems.
• FAA has not encouraged the use of advarned technology

as a substitute for laboratory practice.
• Advanced techr.oog is an effective maintenance

training alternative.
I There are few vendors of advanced technology for

maintenance training.
• Most CBI systems require proprietary hardware.
. Training personnel want advanced technology

training systems.

Table 4.3 The Perceived Situation for Interview Discussions
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Figure 4.2 Advanced Technology Trainug Prctotype

computers. That is not currently the case, although the The majority of Boeing training software is for the 747-
trends are in that direction. Software developers who meet 400. The Boeing software was developed under contract
the ATA standards are more likely to succeed in the ne- to a lre CBI company. The Advanced Technology
marketplace. training development group at Boeing are cooperating

Thetwo largest producers ofCBI for aviation maintenance with United Airlines and Apple Computer Company to

are Acroformation (for Airbus) and Boeing Commercial explore theconcept of "Instructor led CBT." Using

Airplane Company. Both, systems require some p i- Macintosh computers and a variety of color graphics and
Aihardware butpare. somewhath, cosem puibe withinrote hypermedia tools, they have created a variety of dynamic

802861386 hardware b u gaso Aircrmpatisbalsodeeltping he displays to be used for group training. Boeing calls theS80286/386 Family. Douglas Aircraft is also developing dvlpetIsrco_ B.,Eetal hsa,

CBI that will be compatible with the ATA standard, development linstructor-id CBT." Eventually this a.
Another committee that is promoting standards is the proach should find its way to individuaized CBI.
Aviation Industry Computing Committee (AICC). They 4.4 ADVANCED TECHNOLOGY
have published hardware guidelines and a catalog of TRAINING PROTOTYPE
current and planned CBI devdopments by its members described in Section 41, the first phase ofthe project
(AICC, 1990). A ecie nSco 3 h is hs fh rjc

would establish the currentstatus ofadvanced technology
Among the majoraidines there is some hardwarevariance. for maintenance training, and then would build a proto-
Delta Airlines, one of the few to have a significant CBI type ITS. The prototype can be used as a demonstration
development staff, is using a large number of 80386 of the application ofexpert system technology to mainte-
processors with advanced graphical displays. The Delta nance training. The prototype (see Figure 4.2) will be
systems are also DOS-compatible in order to maximize used as a model for the fully operational ITSs to be
applications, completed in phase two and evaluated in phase three.
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The prototype was developed with two major areas of 4.4.2 The Instructional Donrain
concern in mind, the interface and simulation. An The primary criteria for selection of the instructional
intuitive, easy-to-iuse interfacewas essential for useraccep- domain for the prototype was that the finished rUS be of
tance of advanced technolog training. A correct and immediate value to airlines and to FAR 147 schools. In
realistic simulation of the instructional domain was also order to accomplish this goal, the dcmain had to be a
crucial. An iterative design approach involving subject complex system that is prone to failure. In addition, the
matter experts, technical instructors, educational tech- system had to have an effect on passenger safety and/or
nol ogists, and omputer scientists was used to ensure that ,comfort. Candidate systems that were considered in-both of these goals were achieved. diided the following- hydraulics, auxiliary power unit
4.4.1 The Prototype Specifications (APU), engine information and crew alerting system

Theprototype was developed on hardware that is ali (EICAS), electric power distribution, fuel distribution,
with the ATA-recommended standards. The specific- and environmental ontrol system (ECS).
tions are listed in Tab'e 4.4. This hardware insures that thc ECS was chosen for the prototype'system. This system is
prototypewill be of val.e for demcnstration on .,ri "ble ideal for many reasons. On the ECS, diagnostic inform a-
computers. It does not require special hardware. tion and maintenance checks occur throughout the air-

* 80286 or 80386 Processor 0 Mouse * C++ Programming Language

* 1 Mb of Memory - MS-DOS * MS Windows

.* VGA Display * Off-the-shdf software

* Hard Disk Storage for graphics and windows

Table 4.4 Hardware and Software for Prototype
The instructional and pedagogical design is a moreimpor- craft. Thesystem is integrated with the APU and the main
tant consideration than hardwzre. While the design is engines. The ECS is critical to passenger safety and
hardwareandsoftwaredependent, it must beemphasized comfort. Further, the ECS principles can be generalized
that robust and expensive hardware does not make up for to many aircraft. Therefore, currently, the ECS is the
poor design of the instruction. An incomplete listing of prototype domain.
the instructional specifications is shown in Tabl 4.5. , Prototyp Developme.t Pa5nnr
These specifications evolve I with the software.

At the outset of this research, the intent was to elicit
participation from at least one FAR 147 school and at least
one major air t.arrier. A large number of schools and
airlines offered toparticipate. Thai is encouraging to the

Extensive Freeplay ad Interaction research team and to the FAA sponsor.

SProblem Solving an Simulation Thedevdopmtet parners ýre Clayon State College and, Delta Airlines, both in Atlanta, Georgia. The combina-
• Explanation, Advic . and Coaching tion of a major airline and an approved FAR 147 school
* Orientation Towan s Maintenance Tasks will insure that the rISs will meet the instructional needls

across a wide spectrum of AMT personnd. The combi-
* Adaptable to Studer t Skill Level nation will insure that the tra'ning system is technically

correct and instructionally sound. Further the aidine/
school combination will be ideal to conduct evaluations of

Table 4.5 imsruct eal Specficatiions for training effectivenes and cos: efficiency during phase
Pro otype three.
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_____________________-- 4.4.5 Iteraive Design Approach

THIHGSTO DOAfter discussions with subject matter cxperz,_, an initial

interface prototype was developed. This interface proto-
tpz v. as presentedlto thedevelopment partners for cv aiu-

HOW TO USE THE SYSTEM ation and critique. Changes were mnade to the prototype
bascd on thesecomnments. The modified system was again

NORMA OPERTIONprmsentesI to the development partners. This ite~rative
process continued thrrughout devel~pmenc of the proto-[~} EQUIPMENT INFORMATION type.

0 As the user interface evolved, work also began on the
TROURLESHOOTING s:imulation thatrworks 'behind the interface. Once again,

the simulation developmerttwas an iterative process. The
subject mattererperts ensured both correctness and com-

______________________________ pletenecss of the simulation..

Figure 4.3 Menu Options. 4.4.6 Prototype Desciiption
The prototype addressed the following three major areas:

4.4.4 Prototype Development Env.'nxnuent Equ~ipmcntlnfirmation,Normaf Operation, andTroublc-
T~h deelpmet evionmntfor the prototype was shooting (see F:gxr 4.3). Help is also available to the

chosen in accordance with the prototype specifications sueta n icEc fh ao rai ecie

outlined in Section 4.4. . The prototype was developed blw
with A&ymerrix Toolbook under Microsoft Windows 4.4.6.1 Equipment Inifrmation,
3.0. Both of these products allowed access to extra The "Equipm .ent Information" mode allows the user to
memory, when available, get information about the diffierent components of the

Toolbook is asoftware construction set with a graphical ECS. T~his info~rmation describes various switchlights,
user interface and object-oriented programming features knobs, buttons, videodisplays, ...nd warning lights for the
(Toolbook is not a programming, language). These equipment used totroubleshoot the ECS.
features allowed for the rapid development ofan interface Theequipmentthatisavailableto thestudent includes the
prototype and accompanying simulation. following- ECS-Overhead Panel, Bleed Air Supply Panel

The oolbok evelpmen enironent as xcelent (See Fgu*re 4.4) . BITE Boxes, EICAS display, and Cool-
The ool~okdevlopmnt nvionmnt ws ecelent ing Pack Schematic. The approach used to imp .lement

for development of an interface prototype. However, as Equipment Information is very modular to support'the
thesystem ,,rew, Toolbook m;, mino memory limitations. adition of any new equipment in the future.
Also, because Toolbook was not a programming lan- III
guage, therewere inherenr limitations on flexibility. This 4.4.6.2 NormAl Opelratioia
ihflex,:bdlity was high~lighted during the development of The "Normal Operation' mode simutares how the ECS
the simulatioki. responds under notmal operating conditions. This mnod--

While adequate for the prototype, Toolbook will not be. will provide the students with a baseline against which
be dveloed i the they can compare a malfunction. The student has access

accetabc fr te IS tat illto all ofthe equipment described in Equipment Informa-
second phase. Therefore, different options are being tion. The student can change knob and switch positions
erploied for the next phase. A combirnation of a proý just asin the"rea;*worl. n this mode it would not make'
gramming language and, an interface devdlopr-cnit pack- sense for the Audent to replace components because evc ry
age (still .under Windows 3.0) will be used for tli' next component is good. Part replacement is reservd 17r
phase. This will allow for a nrore flexible and more Troubkcshoo'~ng.
powerfiiI development environment.
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/o operale...

__________I

Figure 4.4 Bleed Air Supply Panel

4.4.63 Troubleshooting 4.5 PLANS FOR PHASE II
The "Troubleshooting" mode simulates haw the ECS Du.ring Phase I the prototype was completed and re-
operates when a component has failed. As in "Normal viewed by the cooperating airline and Part 147 schooi.
Operation', the studebt can change switch positions. The overall design and technical accuracy of the environ-
Changes in switch positionswill affect theoperation of the mental control system simulation was acceptable. During
Cooling Pad, as in the'real" word. Also, the student has Phase 11 the protatype will be converted to a turn-key
access to a variety of diagnostic tests (Built-in Test Equip- intelligent simulation.
ment) and tools to aid in troubleshooting. The Phase I prototype was developed with software tools

The prototype also supports the manufacturer's Fault designed for rapid prototyping. While the tools were easy
Isolation Maintenance Manual (FIMM). The FIMM, as to use they lac-.d the robust capabiity that can bederived
shown in Figure 4.5, represents the decision-trec that the from : proginmming language. During Phase 11 the
student may follow to troubleshoot the aircraft. The simulation will be written in a programming language
student chocses the Fault Code to indicate the suspected (C++). The graphics will bedevdoped in a manner that
malfunction. The simulation knows about the current will proviue higher resolution and more color with less
malfunction and notifies the student ofany logical errors memory requirements than the prototype.
in the selection. If the correct fault code is seleced, then Duriig Phase II a rbustevaluation plan will be designed.
the student sees the specific troubleshooting instructions' P eae evaluation Plan wi e desi.

for that fault code. The evaluation is likely to involve a design with eperi-
mental treatment and -control groups.' The plan will

Even though the system supports use of the FIMM, it is include methods to assess training effectiveness and cost
not required. Thesrudents maytroubleshoot in anyorder effectiveness. The experiment will be conducted witn the
that theycbolose. The student may also svwap circuit cards, cooperating airline and Part 147 school during Phase Ill.
use a voltmeter to check continuity and voltages (see
Figure 4.6), and replace components. Eventually, the
studentwill be able to replace acomponent and then verify
that the replacement corrected the malfunction.
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4.6 SUMiAVRY Coonan,TAJohnson, W. B., Norton,J.F_ and Sanders,
, ~~M.G. (1 990). A hy .ermedia approachto tcchni-

This chapter has described the ongoing research and M.G (1990). A he lcronic inpoato deli-

cal training for the electronic information deliv-development related to the appca ,n of advanced tech- system. roengoftEigth Confernce on
7 ~~~~nology to aircraft maintenance training. The research hxas eyytm lxeigj'h~gt~n--O

characterized current use of advanced technology for lmtiorunDeLry. WarrentonVA: Society for

maintenar.ce personnel. Subsequent phases of the re- Applied Learning Technology.

search will d-zign, devdop, and evaluate an intelfigent Drury, (1G. (1989). Industrial irspec-ion. 2ndrAnnual
tutoring system for aircraft maintenance training. t Wash-

Training humans to learn new skills and to maintain ington, DC Federal Aviation Administration
current skills and knowledge is critical tothesafeoperation and U.S. Department of Transportation, 213-
and maintenance of manufacturing power production, 220.
and transportation systems. As the U.S. labor force
changes, the criticality of such training becomes even Drur, C.G. (1990). Th'e information environment in

more eminent. lnrd;gnt tutoring systems, combined IPe"in ProCed.ngYoftheSecond bA Afr,.ng
with human technic.z. instructors, offer a cost-effective, 'nHuman Factonin Maineunance. Washi ngton,
reasonable alter.iaaive t=at can impact training immedi- DC_ FAA Office of Aviation Medicine.
ately and into the fiiture. Johnson,W. B. (1988a). Dcvclopingexpert system knowl-
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4hapVT Five

Job Performance Aids,

5.1 INTRODUCTION considerations of designing databases, exip• systems, and
computer user interfacet are evaluated through experi-

This research isdesigned to provide inforrmaion thatwill ments. Current approaches to system integration are
enable maintenance managers in government and indus- identified. Expert assessments were obtained on the
try to more effectivdy manage the integration oftechnol- capabilities and limitations of various technological ap-
ogy into the work place. The information in this chapter proaches.
w' aid in amssing the capability of technologies and
possible appikaions. It will provide a basis to judge 5.2 PROBLEM DEFINITION
various approaches of impkmenting technolog. The ResarchonAdvancedlechnoogyrJobPerformanccAids
information will contribute to efforts for estimating the is indcluded in a human factors research program in
timeepense, and utilityoffieldingJob PerformanccAids response to the concern that humans will not be able to
OPAs) and technology in maintenance operations. Prin- meet the growing challenges uf aircraft maintenance

opally, the information will hdp determine the return without the proper applic2tion of technology. The word
that can be expected from an investment in technology. A "technology* is used broadly in this report to identify the
primary focus is on developing approaches fortechnology tool available in science and engineering that may be
implemenr•von that complement human capabilities. anplied toaviation maintenancc. Thegrowing challenges
This L, accomClished through research in two areas. 'in commercial aviation maintenancearewdldocumented

The first area seeks a cornnerial maintenance perspaive (Parker and Shepherd, 1989,1990 a. and b.). The chal-
ofthe issues. The research i nvcstigates current approaches lenges include aging aircraft, retiring work force, increas-
to computerization and job aiding in airraft mainte- ingmaintenancecapaciryrequirements, incrcasingaircraf,
nance. This indudes a review of the relative level of complexity, incrasing fleet divesity and size, diminish-
automation at major airlineL. The structre ofcompicted ing pool of new technicians, and limited financial
systen~s isobsrvaed andwork foroe reactions to thesysterns resources
arc determined.' Trends are identified. The needs of the Table 5.2 summarizes the resnarches understanding of
mainteninice techr;"ian are asessed, and an overall un- the probm- that originally motivated the research. Table
derstanding of the maintenance proces is acquired. 5.3 is the researd'er's understanding of the problem at the

The second area focuses on technologies. A survey a compion of Phase ! rssearch.
conducted to determine the capability of xisting JPA iftechndogyis tobeused to meet new challenges it must
"systems. Thc state-of-the-art in computers and rdated complement existing human resources. Motivation to
technologies are assessed. The complexity and pragmatic introduce technology might come from any of the areas

Summary of Research Objectlves

RVnk IMopuon

1. Prvo9ide Nfrmabon lo waW Oftned dimm on fte 0ter of hfflan

2. Provie inomation io wkease Me~ tirde niurg of fth capabditie and

hmdnabor!ni tg logyv"
3. Proe P ro eat, on ftal wl. ssrate tougt and awareness of ave,,es

"ireasing hwan pedorman trough RoHnan Factors ConsKdeaWbms.

Table 5.1 Summary of Rzwvb Objccdve
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described in Table 5.2- The relationship oftcchn:logy Some JPAs are already in place, such 3s built-in tct
and humans must be carefully plan,-"d±. equipment (BITE). The fielding of thcse technologK is

TheprocessofimplementingJob Performance Aids is not on-going, but guidelines that work In manyenviron

straight-forward. It has proven difficut to predict the are unsuccessful in aviation. For example, initial BITE

duration and costs of development. Development re* systems fielded byAirbus had accuracy levels in the iange
quirescompletecommunication eeen the application f9O. In the perspective of th design team this is a vry
quies c(eventual users) and the system developers (who successfial system, but to a maintenance technician this
knwe hts tevehnoulo users)and this delorse whorg was a very frustrating system. Repairs and component
know what technology can do). T his dose working replacement in aviation are almost universally time con-
reationship is difficult due to the disparate backgrounds suming, so even one misguided recommendation in ten
and languages of the two groups. T1c development z.anwasteanentireshifrwithsomefrequency.'TheBiTE
profes is a long series of trade-offp bentwen ,educing systems are improving and are now generally accepted asfignctionaliny to make devyoprnst more feasible and useful tools, but theirimplementation took time andadding func,,iona~ity to make thesystem moreusefiA.'The considerable resources.
final system is the system developer's interpretation ofuser
needs, tempered by what is feasible.

Initial Motivation for Research
Rank Deescption

1. Technology is needed to help huans cope w,11 growing challenges.

2. Techtnology s needed to overcome the potentia1 lot human error.

3. Technology is needed to overcome human linitatios. (i.e. accuracy)

4. Technology can make mainterance operations mora efficent.

5. Maintenance Technology Ooid keep pace wmt aircraft techrology.

Table 5.2 Initial Undcrstanding of the Problem

Final Motivation for Research
Rank Descriotion,

1. Avenues for achieving peak human performance are uWder Utilized.

2. Imbpementng echniologyis more complex and expenz,,- than accepted

3. The human factors of achieving user acceptance are not will u'werstood

4. The human factors of system development (i e. Developer/User communici",nn are not

well understood

Table 5.3 Understanding of the Problem at the Fnd o' the Phase I Rewwc
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5.2.1 Computerization result, a very low percentage of the budget, iff any, Is
avaiable forcmueiain

Thctrend toward increased automation through comput- aa rcmueiain

erization is well under way. Computers are alre-ady de- Computers will continue to become more adept at'pcr-
ployed in most ofthe&'detcrministic" tasks ofmaintenance forming existing task~s, but the remaining avenues for
operations such as trackng, scheduling, budgeting. an computerization are more challcnging. For example.
status reporting. Starting with mainframes in the 70's, communication of maintenance information is a central
most major airlines are now working on their second or concern for everymairztenanceworker. Some technicians
third generation systems. Whilethe mark ofcomputers on rc.portcdspending as much as 75% ofthcir time obtaining
maintenance operations is apparent and permanent, the the information needed to perform their dluzies. The
implementation of the systems has not always been well problem is that this information is difficultto quantifyr. It
received and their cost effectiveness is nor always clea. is not simply a matter of having technical manuals avail-
Aviation maintenance is not necessarily an ideal applica- able on-line. Subtle information such as the fact that a
tion forcomputers, but during the 80's, asoperations grew battery needs charging can make the difference between a
in complexity, computers seemed to be ,aý solution for successful engine nun up or a wasted shift. Aircraft
many problems. Computers in a~viation maintenance maintenance depends on a large number of interdepen-
usually achieved functional requirements, but sometimes dent events. The resulting complexity challenges the
duele to live up to the expectations of the user. This was humans involved, and makes the process ofcomputcriza-

dein part to the difficulty of fielding new technologies, tiofl arduous.
and in part to the user's difficuilty in specif~ying needs 5.2 H mnF r
dlearly. All involved are now sensitized to the criticality of 2 HmnEro

* assesing the uscers needis, but it is not clear how this can be At the technician level there are consistent calls to auto-
achieved satisfac-orily. In any case, there is muich more mate elements of maintenance programs which are prone

*awareness of the difficulty of achieving objectives when to human error. The heavydemands placed on inspectors
humans zre an integral part oft'hi system (which is almost to detect structural problems with aging 2ircraft motivate

alwas te cae.)the pursuit of new Non-Destructive lm-,ectioiti (NDI)

Computers solved some problems and created some new equipment. The National Transportation Safety Board
ones. Many diff iculties had to be overcomncto fit existing accident report on the Sioux City accident contains the
approaches to the nature of computer solutions. For following recommendation (NTYSB, 1990):.
exampie, many problems;Arose from thcoompu'ter'saffin- 'Intensify research in the nondestructive inspection field
ity for numbers and the human affinity forsymbols. Early to identify emerging technologies that can setvc to sim-
on, technical considerations dominated and parts num- plify, automate, or otherwise improve the rcliabilityofthc
bering, r~or example, became driven by computer require- inspection'process."
ments iather thant maintenance requirements. Oneairline
reported an air-turn-back when similar (but non-inter- 573 HmnLmtations
changeable) parts with like nubr s were interchanged. I.bor costs are a common concern of managers; thus the
Thisaxmpleand othesh ighl ight rhy the enthusiasm for idea of tireless, efficient, and precise robots is appealing,
computers diminished as. workers lost control to the IPAs are sought to overcome human limitations ofatten-
demand Is of the computer sysem. nion span, endurance, and accuracy. This propensity is
Implementation of technology is an expensive, and to also motivated by the expectation that there will not be
some extent experimental (trial and error) process. The enough technicians available in the future, and the ones
Department of Defense =pends eno4-mnous resources to that arc availablew1l have diflicultyworkingwith increas-
bring ideas from concept to reality. Airlin~s rarely havethec ingly complexz aircraft.
resouirces; to carry out the same pruccas. Maintenance 5.2-4 Martvane 2020
operations are facad with' mostly fixed expenses such as
facilities, spares. and labor. L abor is not entirely fixed, b..t In the 40's a-vi '16's it was likely that the aircraft mechanic
nearly so, given union agrceemenrts and the disniptioris was f lmiliar with .riost aircrift systems, with the poss.ible'
cau.sed by liyoffh. Thle volatility of repairs rcquired in the exception1 of the ra.:i;o cquplen.lou, ny heni,
flvt .during any yeAr are niot rcflcxted( in the flexibility of 1xperitried aircraft technicians are fimiliarwith a major-
annual budgetsunderwhdic rnaintenaniccminagerswork. !tYofhsses n (i asbe ondb rwn
Financial resotircc-., arc foc-usixi on the many xiwcndit~ircs :,, of ..viwm .s cequipnient. 'lise cocwplexi-y of airtrndis
encountered in maintenance. for example. in the proKct-s main teflariceis ex IX'ctd t coft in ticto n ri~crt'. it is'lkA>1
of'swipping out or rcpla.-Ing parts in the aircraft. As a that computetrs and technologywill playa larger role in thL
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maintenance effort, but what are the characteristics ofthe meet those challenges. Basically, this knowledge is ob-
role? How largewill the role be, which technologies will be tained from sever-. sourcrs:
used, and when wil they be used? Ifthesequestionscould
b: answered, many false starts and considerable wasted Aviation maintenance managers

effort could be prevent d. Integration of technology is a Aviation maintenance technicians
long process and planning must be accomplished years in Maintenance computerization specialists (MIS or
advance The maintenance process has littlc margin for DP)
trial and error, and few resources are available zo support
extenstWe experimentation. Technology changes so rap- Aviation maintenance industry representatives
idly that it often seems a new approach is obsolete as soon FAA mangers responsible for aviation mainte-
as it is successfully fielded. There may never come a time mance
when maintenance programs or technology will arrive at
a steady state. While it is not possible to see the fjure in Aircraft manufaurer representatives
a crystal ball, a great deal can be learned from pas 3
eperience. 53.1.1 Participation in Industry Fonuns

5..5 Technology Participation in numerous industry forums from confer-
T lgces to high level briefings provided access to most of the

Technology has a lure ofits own. Emerging technological individuals listed above Information was collected through
capabilities seem to have "potential" to improve nearly informal unstructured interviews and discussions, as well
everything. Pressure for change often comes from the as, through observation. The research objectives and
promises of "technologists', eager to find applications fo- approachwere presented on these occasions, and feedback
their inventions. It seems natural that as aircraft become was used to focus and direct the effort.
more sophisticated, maintenance should follow. How-
ever, bias toward new technology should be tempered by 573.1. Sht Visat
a carefu assessment of user needs. Designers are usually Site visits lasting from several hours to one week were
able to field hardware and software that works function- utilized to collect information on facilities, develop an
ally, but compatibility with humans is more elusive, understanding oftheoverall maintenance process, and to

Clearly "manual* methods are not sufficient forever. For further talkwith theindiv;duals listed above. Information

exarnple, technicaldocumentation on aircraft systems has was collected through informal interviews and obscrva,

grown exponentially and a typical narrow body aircraft tion. When possible, the researchers, participated on an

now arriveswith 17,000 pagesofdocumentation. Airlines non-interference basis in the normal conduct of aircraft

usually maintain several different types of aircraft and mrantenance. Technicians expl£ •.i- vehat they were do-

must use unique procedures for each. A number of ingas they performedtheirdutics. All shifts ofoperation

technologicalsolutionsareavailabletomaketheinforma- were observed. Training classes and morning manage-

tion moreaccessible, but morework Ls needed to facilitate ment briefings were observed. The researchers reviewed
the assimilation of the information. The point is that documentation .anx procedures utilized 'in each aircraft
finding a xechnological-solution does not replace the need maintenanceorganization. TheQualityControl Depart-

for careful consideration of human factors. ment was normally the host, but time was spent with a
cross-section of the maintenance organization. 'The re-

5.3 METHODOLOGY search objective: and approach were always presented to

The rescarch sought to obtain a rapid high level under- nfiy/that theresulswouldbeuseful tothemaintenance
standing of the issues. TlhIe primary task was to assess the community.

implications of fielding technology to aid commercial 5.3.2 Tcchno1 Assaesncnt
aircrift maintenance. The information contained in this
chapter is targeted for a reader who has considerable 5.3.2.1 Survey
knjowledge of aircraft maintenance, limited knowledge of A surveyofmxistingJPAsystems wasconducted. A narrow
computers and technology, and very little krowle lge of dcfinition of JPA was utilized, since there are cxisting
Human Factors, sources of information on tooling, ATE, 'fixtures, and

5.3.1 Aviation Maintenance Assessment non-destructive inspection equipment. The focus of the
)PA survey was on computer and microprocessor based

The research sought a first hand understanding of the systems utilized for inform:ation delivery, processing, or
challenges facing the aviation maintenance community storage. In addition, afiwapplicabletechnologies, notyet
and the current approaches for utili7Jng technolOhy to incorporated in systems, were identified as part of the
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survey. Systems and technologies developed outside of since predictions beyond ten years are highly speculative.
aviation were ind uded if they demonstrated atechnology In any case, few maintenance managers can afford to make
not already used in aviation. The militarywas theprimary decisions based on a theoret;cal potential 15 years in the
sponsor. Each aircraft manufacturer and large airline, as future. Lesons learned from implementing technology
well as several other major industrial companies, had at over the last decade are documented throughout this
least oneJ PA in dcvelopment. The goal of the survey was section.
not to find the system that would "revolutionize" aviation
maintenance (although, if we had found one, it would 5.4.2 Tchnological Contributions
have been induded), but to assess the overall extent and 5.4.2.1 Automation in Aviation Maintenance
characteristics of what is feasible and possible in Job
Aiding. The systems were identified through database For a majority of the industry, maintenance automation
searches and the information was supplemented by con- means cc .nputerized maintenance information systems.
tacting the developers. In addition, some systems were Virtually all maintenance organizations have systems in
identified through site visits or at industry forums. place or anticipate implementing systems in the near

fiuture. Information systems provide indirect support of
53.2.2 Te'chnology R5esearc maintenance, but computers are also directly involved in

Research was conducted to assess the capabilities and maintenance in automatic test equipment or diagnostic

limitations of the technologies that are most often pro- support systems. I'helatterarecoveredin the next section

posed for implementation in aviation maintenanceopera- on technologies.
tions. Principally this effort focused on the application of The amount ofinformatinn maintained on each aircraft
computer technologies. Artificial intelligence and expert has grown exponentially, hut the basic structure of the
systems were given particular emphasis. Several "new" paper methods aie intact in today's information systems.
technologies were investigated in computer displays. mi- This was necessary to ease the transition from manual
croprocessors, storage, and input/output devices. methods and avoid extensive retraining. Most airlines

5323 Exdeveloped maintenance information systems internally
because ech had unique maintenance programs. Even so,

Limited experiments were conducted to evaluate the problems surfaced because computer applications were
pragmatic considerations involved in developing expert rarely able to do everything the same as manual methods
systems, databases, and computer user interfaces. The andlacked flexibility. Further, itproveddifficulttopredict
experiment in interfaceswas principallysofiwaredevclop- the magnitude of effort needed to develop systems or
ment task, but emerging technologies in the processor, insure user acceptance.,
packaging. and displaywere alsotested. Databasetechnol-
ogywas used toorganizetthe findings from theJPAsurvey,
and a small expert system was developed with a commer- Most maintenarnceoperations now use computers to track
cial expert system development package. parts and aircraft status, and more organizations are

moving computers into forecasting and other decision
5.4 FINDINGS aiding functions. Systems are justified based on promises

5.4.1 Overview to increase aircraft, engine, and component availability, or
enable more production with existing resources. How-

The findings are divided into three categories: ever, managers reported that unless an aircraft fleet was

Technological contributions growing, labor savings in production were usually offset
by increases in planning, production control, material,

Technological obstacles and data processing. The intensity of computerization

Implementation guidance efforts has slowed somewhat; only the largcst (and profit-
able) airlines have data processing departments actively

Aworking knowledge ofeachisneeded to makesuccemsful develooing major new systems. All airlines continue to
decisions about applying new technologies in aviation absorb and become accustomed to existing systems.
maintenance. The findings apply to the industry, in
general, but the reader cann assess whether it is applies in 5.4.2.1.1 Why Automate?
their situation. he overafl theme of the findin• is the The growth that airlines experienced in the post deregu-
importance of a realislc a,.exsment of the caribiliicsof lation era provided motivation for most automation
technology.The section clharacterize the presentcapabili- forts. -Tasks, uch as aircraft routing became too cu tnmbe.
t;es, of technology and the likely capability of technology some as fle..t size increased. Computcrizatior offered
over the next ten years. The.scope is limited to ten years,
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increased capazity, faster turnaround without the need to added to a core capability. Thedifficultids no, w,. stand-
develop an entirely new approach. Tangible and intan- ing& the presumption is that each new piece or type of
gible benefits are achieved with automation. The intan- information added provides a more accurate and com-
gible benefits out number the tangible ones. pletepictureofthemaintenancc operation. As an example

The in'tangible benefits were often promoted as more of the complexity involved, consider service scheduling.

important than the tangible benefits. The information Scheduling depends on multiple constraints and has
needed by managementtostreamnlineoperationsismosy many ramifications. The service schedule has implica-
intangible. Automation systems provide many more av- tions for labor, /cilitie, and materials requirements. The
inuthangible. Aumanual systems f ror ide t ack ng t e te cal objective is to make efficient use of the first two andenues than manual systems for tracking the technical mnmz h ateeet nncsiodrofsr

performance of the organization. Management needs this minimize the last element. In any case, in order to ensure

information to recognize problems before they become all are available in sufficient quantity (and not in excess

critical. Automation systems make it easier to identify quantity) the serviceschedule must be carefully planned.

tre,.ds. The result is a more accurate control of resources The schedule is based on forecasts of expected demand.

and the efficiencies achieved can lead to increased main- The unscheduled service requirements are anticipated

tenancr capacity. rom reliability information and the time condition of the
aircraft. Rotable requirements, modification requirements,

Cost control was frequently given as a reason for imple- and deferred work all figure into the equation. The
menting automation systems. The computerization en- schedulerequirementsaremeshed with resourceavailabil-
ables faster customer billing and closer tracking of costs. ity to determine aircraft arrival and work scheduling.
Detailed histories of existing costs improve forecasting Planning might utilize the computer for maintaining
and planning. In addition, comprehensive- reliability aircraft maintenance history, development ofwork pack-
information enables prompt acknowledgment of perfor-
mance difficulties. The effectiveness of individual man- ages, and work card generation. In addition, planners
agement decisions can be determined more readily with need access to service forecasting, service scheduling, andthe addcitional inmatn pedeterovided byothe aurmatin waircraft routing information. Co)mputer support of work
the additional information provided by the automation cards is increasingly common. Most organizations have
systems. computerized work card indexes and some systems gener-
Tangible benefits are primarily found in increased aircraft ate the cards on demand.
(or engine or component) availability and additional Otherthantrackingparts,statusinfurmation isoncofthe
capacity. The information from maintenance automa-
tion systems provides efficiencies that reduce turnaround most widely implemented functions and represents a

times. Reduced turnaround time leads to increased significant level ofcomplexiry on its own. The hours and

aircraft revenue hours, fewer labor and material dollars for cycles ofevery aircraft in the inventory must be known for

each service, and shorter AC)G's. The information pro- tracking time limited parts and complying with regula-

cessingcapabilityofthesystems augment condition moni- mions. The configuration of eaa o sircraft is n racked for

toringand enable moreefficientstockingofspares. Stricter modifications and'component serial numbers. Mainte-

control of inventory and resulting efficiencies can lead to nance status indudes pilot reports, discrepancies, defer-
savings rals,and history. Information necassarytosupportwarranrysavings.claim .s is maintained, such as'manufacturers require-

Acoupleof benefits that were sighted in theearlyyears of -. ments, time tracking, and flight history. Aircraft modifi-
automation never became reality. One area is mnnpower cations might be trackqd separately for the fleet, aircraft,
saving, as mentioned earlier. The other was the goal of a and individual components.
"paperless" system. There area number of reasons for this
failure induding the fact that humans prefer to read hard Varying degrees of reliability information can be main-

copies and that computer information is updated'so tamed on the fleet. Adelay summary might be revifwed
frequently. Combining these with the proliferatien of daily, where each deay is charged to a specific area of thecopy machines and a visit to most maintenance facilities airline or maintenance department. Unscheduled re-demonstrates that the goal ofap"papeless" system has not moval ratecan betracked to identify trends, perhaps from
eemnstathes ted. gshop information. The management of" materials and

purchasing can be similarly information intensive, and
5.4.2.1.2 What Can be Autonated? there areseveral types ofinformation ofinterest to manage

rotables.
Computers are involved in most aspects of information
management for maintenance, engineering, and materi-
als. Aidrines incrementally developed their systems over a
number of years. Functionality and enhancements were
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5.4.2.2 Industry Computerization scheduling, technical services, and retrieval of

Induny Cmputrizaionmaintenance items.

Virtuallyall major maintenanceorganizations utilizesome
form of computerized management information system. TWA has applications running on an IBM
Relatively few utilize computer based job aiding systems 3090 mainframe to track aircraft status, main-
forthetechnicians, other than tracking parts orautomatic tenance requirements, and support reliabil-
test equipment. Most of the systems were developed ity analysis. Capability has been added to track
internally, although the current trend is to use outside parts and labor using bar code technology.
consultants and off-the-shelf software. Some airlines are United Airlines is one of the few airlines with a
marketing their information systems to other mainte- separate department devoted to developing
nance organizations. It is difficult to gauge the cost maintenance automation systems. t heyreview
benefits of the current generation of systems, but few proposals received from vendors and develop
consider it possible to go back to the old manual methods. systems in-house.

The following describes whe level of automation at several US Air uses a system developed intemaly called
airlines: IERLIN. It is an integrated set of applications

Air Canada has several types of mainiframes, running on a IBM 3090 mainframe. Some of
induding Honeywell, IBM, and Unisys. They the details of this extensive, system are included
utilize networked HP and Wang mini-comput- .:s a part of the JPA survey in the Appendix.
en, aswell as PCs. Most information utilizedby Modules have been developed to perform .nu-
management is maintained using the comput- merous functions such as tracking mainte-
ers. nance activity, discrepancies, component times,

and preparing repair shopschedules. USAiralso
Alaska Airlines uses an Amdahl mainframethat has a robot controlled parts warehouse system.
is networked to the maintenance base. The
system tracks aircraft and componeni history. 5.4.2.3 JPA Survey
Macintoshes are available for mnanagement re- A survey of job performance aids was conducted to assess
porting and other applications. the application of technology in aviation maintenance

American Airiines has many management ac- over the last ten years. The focus was on computer or
tivities automated and is currently studying a microprocessor based systems used to process, store, or
major new automation plan. deliver information to the maintenance technican. The

Amierica West uses a Unisys mainfr;me run- systems currently in use in commercial maintenance tend

ning sofiwaredeveloped internally. em tobethe information systemsdiscussed above. Thesurvey

performs trAcking finctions'and supporin plan- concentrated on novel approaches to anJaysis, diagnosis,

ning. decision and job aiding, although a sample of other
applications are included. Briefdescriptions are included

British Airways has IBM mainframes handling in theappendix, and asummary isincluded in theChapter
all management information proc. sing and Appendb. In the interestofconservingspac thedescrip-
storage requirements. tion of some systems is not included.

KLM uses several computerized systems. One is The survey was comprehensive, but some proprietary
called CROCOS (computerized rotables con- systems or recentdy announced systems might have been
trol system) andanothcriscalledCOM- missed. In any case, the sample gives an overall sense of
PASS(computeri "zedmate alprocurementand trends, typical applications, and the envelope of system
supply system.) capability. The findings demonstrated that application of
Nordhwat Ailines has an extensive automn- technologies to aircraft maintenance is still an experimen-
tionhsyste callned hasane xterunsive auton -Ital process. Mnst of the systems identified did not survive
tion system called SCEvIeoREd It eru on IBM beyond feasibilitystudies and protoryping. Activesystems
mainframes and was devloped internally. Thf tended to be in the development cycle, and few systems
system addresses most management informa- were integrated into the day-to-day maintenance process.

The long term impact of JPAs is unknown, but few
Pan Am uses a system developed internally experienced sponsors demonstrated eagerness to develop
called AMIS (aircraft maintenance information more s/stems or implement existing systems in critical
system.) This is also a mainframe based system applications.. .
and performs functions such as naintenanr=
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It is difficult to generalize, but there seemed to be a 15 year and automatically generates reports. Another application
lag between the time when an application is technologi- analyzes samples of engine lubricants taken at regular
cally feasible and when it is refined to the point of being intervals. The levels of oxidation, sludge, visco-ity, fi,el
cost effective. The process of implementing technology is dilution, dirt, glycol, water, and wear metals are recorded
a long term effort, and for now, except for a few specific and tracked to predictwhen maintenance will b: needed.
applications (i.e.. engines, avionics), there is little evidence Forty percent of the "am identified incorporated ex-
that theJPAs have had a major impact on the way aircraft pe r system technology, 15% were portable and all used
maintenance is ac,:omplished. In some cases, sponsors state-of-the-art hardware technology. Several new tech-were withholding judgement until' the completion of
development. None-the-less, there are a few success stories nologies made their debut in recent years. Fuzzy Logic is
and many lessons to be learned from past efforts. an approach to logic that incorporates characteristics of

imprecise reasoning. Ratherthan beingonly"on" or"off",
Sixty percent of the systems identified were sponsored by the Fuzzy methodology permits degrees of"on" or "off".
the military, with the Air Force being the dominant This approach is used withsomesuccess to model human
sponsor. The remaining 40% were divided between reasoning processes. It isa popular approach in Asia, but
commercial aviation and other commercial industries, has not caught on in the United States. One technology
Each of the aircraft manufacturers had at least one system that is receiving increasing attention is Virtual Relity
in development, although often through their military (VR). VR combines three-dimensional graphics with
divisions. Many airlir es developed maintenance informa- sensors attached to the user to create an artificial environ-
tior, systems internally, but unly a few airlines were major ment. The sensors detect movement and modify the
players in JPA development. The dominant applications three-dimensional display accordingly. For example, the
were systems that supported on-condition maintenance user wearing a set ofgogles with miniature displays can
of aircraft engines, walk through an environment created by the computer.

Engines arca particularlygood application, because main- The systems hive potential tO be the simulators of the

tenance involves collection and analysis of a lot of data. future.CD-ROMhasreceived agrettdeal ofpress, but the

The analysis requires expertise, but can be computerized technology has not been widdy implemented. It has very

since it involves identifying trends in the data. Computers large information storagecapabilities, but requires expen-

are particularly adept at reviewing vast quantities of sive hardware to store and retrieve the data. It reduces

numbers and comparing them to limits. ' duplication costs, but it isnotanymoreflexiblethan paper
and humans are uncomnfortablereading information from

The recent generation of aircraft incorporates built-in test computer screens.
(BIT for avionics. The early systems tended to generate Several systems were portable, but portability did not
numerous false alarms, but accuracy has increased over
time. BIT seems to be here to stay since there are few appear to be as important as might be expected. It seemsalternatives given the growing complexity of avionics. for the typ~e of applications that are needed, it is not a

problem to go to a terminal and get a hard copy. Portabil-
Thirtypercent ofthesystemswere used for faultdiagnosis. ity is only a factor if each technician is given their own
Forty five percent of the. systems were management system, not a likely event, given current hardware and
information systems, 45% were used direcly to support software costs. Even "dumb" terminakare currently too
main enance, and the rest were used for analysis. Some expensive to give one to everybody.,
novel applications were identified. Several organizations T
areworking on systems that have an imbedded self repair The prinm pal criterion that separated the successfil sys-

capability. One involves use of an expert system to temsfromotherwastheudlitytotheuser.Thesuccessful
reconfigure aircraft aerodynamics in the event of system systems are typically in applications where there is no
failure or battle damage. A handful ofefforts are tracking alternative, suchas engine monitoring oravionics testing.

trend data on structures to anticipate maintenance needs, overall, th est tious sysems tendeditet int
similar to what is already done for engines. The anialysis w-ol he systhedevelopedaby sth enau o
involves reviewing the trends in vibration data collected well funded. k .s developed by the automobile

from sensors. For example, the VSLED (vibration, struc- manufacturers,werewell funded andhad persistenrdevel-

tural life, and enginediagnostic) system developed for the opers, but still received slow acceptance until a manual

V-22 tilt-iotor aircraft monitors data and generates re- mode was added. Further, it is very difficult to estimate

ports that specify needed maintenance actions. Several development cists unless the application is very specific

voice recognition systems have been developed that could and the requirements are rigid. Thes is a'tendency to

- be used for data entry by inspectors. A product recently make the system general in naure to spread the devdop-

marketed by Lanier Voice Products receives vo;ce inputs ment costs across as many users as possible, but this
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inevitably lead to failurc. The systems that targeted a very The Automated Intelligent Maintenance System (AIMS)
specificproblem wida aclearset ofrequirements fared best. isatypical example that illustrates theplight ofmanyJPAs.

Tbe road blocks to system development are establishing AIMS was designed as a job aid for Army truck mainte-

dear user requirements, software productivity, and the nance. It featured expert system and voice recognition

input/output required. Software is the principal expense technology, along with a computer screen that displayed

in thesesystems and softwaredevelopment has been along schematic diagrams and installation drawings. It was

and arduous process. Several enhancements in software irel and packaged in a large briefcase. In additicn to

technology ace beginning to address the problem. Coin- dtlivering technical maintenance irformation, AIMS was
puter Aided Software Engineering (CASE) tools are be- designed to track maintenance records, order parts, con-

coming more powerful. Object oriented programming is trol inventory, maintain schedules, and support training.

being implemented to facilitate the reuse of software. Over a million dollars went into development and a

Authoring systems have the potential to enable users to working prototype was fielded. However, the effort was

develop their own systems. Currently, developing an ended when technicians were, reluctant to use the proto-

application requires the developer to become an expert in type and the cost ofiupdating the databasewas recognized.

the domain. Developing authoring systems is a major Thesystem simplydid not have the utieity the technicians

undertaking and no one hat developed a JPA authoring

system yet. Progress is being made in the I/O area in terms While not typical, the Air Force's Integrated Mainte-
of graphical user interfaces, voice recognition, and com- nance Information System (IMIS) serves as a model of
putervision. However, itwill besometime(morethan 10 how Job Performance Aid development efforts should
years) before information can be communicated between proceed. It alsogives asenseofthe magnitudeofthe effort
humans and computers as rapidly as between humans, and perseverance needed tosuccessfilfly implementaJPA.

5.4.3 Technological O Table 5.4 identifies the time frame involved IMIS is
designed to be asingle source of information forAir Force

5.4.3.1 Tcchnologies technicians. Technical data, diagnostics, training, histori-
cal data, and maintenance management information nor-

The question might be asked, "What does technology mallyobtained fromdiversesources is integrated by IMIS.
have todowith human factors?" The answer is three fold. IMIS has an interface fortheaircraft maintenancedata bus
First, technology (especially "new" technology) is often and can process information from BITE. Theaircraft is
sold as a solution for human factors problems. Secondly, identified through the interface and IMIS automatically
observation shows that one of the greatest challenges of provide aircraft specific information. In addition, IMIS
implementing technology is the human factors challenge has data entry cpability and helps to generate necessary
inachievingthenecessarycommunicationbetweendevel" reports. IMIS was initiated by a concept paper in 1979
opers and users. Lastly, all systems ultimatelyinteractwth1 and a full up system demonstration is expected in 1993.
humans on some level and care must be addressed to constant attention to the user, from assessing neoc s to
human system interfaces. final acceptance, is identified as the characteristic that I ads

Technology is a tool for developing systems that icilitate this program to be more sucessful than others. I has
aircraft maintenance, but in itself does not 'solve any proceeded in aphased mannerfromconceptdevdlopr ient
problems. For example, artificial intelligence is a tool for using off-the-hehdf har.ware to field tests using custom
software development, but it is not a maintenance auto. hardware. The program has continually evaluated and
mation system. New technologies are devdoped itaa rapid enhanced the man-machine interface. The IMIS p" ram
pace, and, in the fsrvorto find applications foi technology, iworking on icompletc set ofspecifications that cod be
realism tends to be a casualty. Technologies are always adapted by others with similar objectives. The I
'emerging7, and industry often buys the *latest" technol- learned by the Air Force during the developmcrit ofl IS
og,. Thisaspectofthere ,hseekstodiffusethisinfavoi can be utilized by the commercial industry. How ever
of a more pragmatic assessment of the role oftechnology. ommercial and military approaches to maintenano; are
Importantly, these findings are absent the salesmanship not the same. and IMIS technology may not traj ifer
that often accompanies discussions of technology, as the directly to commercial maintenance.
researchers have no stake in any particular technology. A Clearly maintenance will be different in thirty years and
central effort in the research involved assessing the contri- anything is possible, but hesurveydemonstrated that, for
bution already made. Comparison of past expectations at least the next ten years, there is little evidence that
and actual contributions provides insight into fiture technician job prtformance aids will be widely use in
contributions. commercial aviation maintenance. The research erals

twelve reasons for this conclusion:
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1) The Departmeuit of Defense is not planning to 10) Thecurrenrapproachtomainrenanceisworking.
field systems until the middle of the decade. AslongasJPAsarenozmandatedbyregulationor
Commercial maintenance applications are at least warranted due to alack ofcapaciry or manpower,
five yeas behind the military in development: there is little reason to try something new.

2) Development of the systems in the automobile 11) The utility of the systems is not dear. The tpes
industry took nearly a decade and the application ofinformation neededin maintenance are diverse
is more well defined. User acceptance has im- and difficult to quantifji. In the time it takes to
proved, but the cost effectiveness of the automo- enteraqueryintoacomputer, mostquestions can
bile systems are not dear. be resolved by talking with an experienced co-

3) Commercial aviation maintenance is performed worker.
by the users. Airlines and repair stations do not 12) There aresill enhancements possible in aviation
have the resources to undertake major develop- maintenance through more effective use of exist-
ment pi'ojc•'ts. Manufacturers have resources but ing resources, in particular human resources.
insufficient motivation since they are not the Thus, there is little motivation to introduce new
primary maintainer of aircraft. Built-in Test sys-
temns are an exception and BIT will continue to be systems with new unknowns.

enhanced by manufacturers. A few applications did seem to have potentiaL One was
- the use of expert systems to document thr.knowlelge of

4) The per user cost of hardware stands at $3-t.i . experienced technicians that are retiring: "l7hese systems
Althoughi ins somewhat a function of utility, the can be feasible if they are done for very specific applica-
margins in maintenance operations are not likely tions. There ire also opportunities to field technologies
to support systems for every technician until that give r-• 1_icians better knowledge of the "big pic-
system costs are under $100 per user. Acceptable ture." Knowledgeabout the performance of the organiza-
costs are somewhat more at the supervisor level, tion, priorities, sucesses, and anticipated workload does
but not more than $1000 per supervisor. Expen- not always reach the people who actually work on the
sive equipment is often purchased to comply aircraft. This information, which is already used by man-
with regulations, but there seems to be no reason agement to assess theoverall operation ofthe maintenance
to regulate the use ofJPAs. organization, would be useful to a technician on the floor.

5) Benefits ofJPAs are primarily intangible. 5.4.3.2 Computs and Microprocessors

6) Experience thows that user acceptance is difficult .The enthusiasm about technological solutions to human
to achieve. The reasons vary from poor man- factors problems revolves around the growing capability
inachine interface to a lack ofutility. Contrary to of infaormation processing technologies. The fact that
conventional wisdom, distaste for technology computers are becoming more powerful, smaller, and less
was not a major reason for lack of user accept. nce. expers aie covere puter p roc ess
Systems that did not facilitate the maintenance expensive iswideyeoveted. Computer processing speed,
effort were not supported, often measured in million of instructions per second

.(MIPS), has doubled every three years for over twenty
7) Hardware and software technologies advance so years. The price of each MIPS fills as more and more'

rapidly that fielded systems become obsolete over circuitry can be integrated on asingle chip. Thecomputer
arelativdy short period of time.' Once an organi- - industry, in avery short time, has become one of the few
zation commits to using the systems, it is very trillion dollar industries that exist. It is safe to say the
difficult to avoid the expensive temptation to capabilitics of computers will continue to increase, but
track technology changes. additional considerations are necessary before it can be

conceluded that avivion maintenance needs more corn-
8) Maintenance operations are still trying to inte- nute te e

grateand justifi/automation systems implemented puters
in the last decade. There seems :o be little eager-' A basic understandingofhow computers operate is usei-ul
ness to start a new phase. in assessing where theycan be applied. Whilc the process-

9) There are at least adozen systems now looking for ing power of computers has incresed many orders of
commercial maintenancesponsorship, nonehave magnitude, the architecture and the basic operation of
foun i o ne.e computers has seen little changesince 1946 when math-
-found one. emati'ian John von Neumann proposed a "Logical De-

sign ofan ElectronicComputingSystem'. He introduced
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Example Development Cycle

Rank Description % Total Time
1. Identification of need.
2. Feasibility study 3%
3. Development plan ano schedule 2%
4. Definition of user requirements 15%
5. Definition of user requirements 10%
6. Initial system development 3%
7. Small scale demonstration 2%
8. Small scale test and evaluation 3%
9. Final system development 22%

10. Installation 10%
11. Final integration- making changes to obtain use acceptance 30%

Note: Steps are in order, but are larqely iterative

Table 5.4 Development Time Frame for IMIS

the concept of stored progra;iis and an architectural Neumann architecture is its gencraliky. All application
structure that remains the basis of computers today. ThEi characteristics must be specified in the software. This is
architecture has some basic features: true no matter how many MIPS a particulargeneration of

Single Memory _Jmputers can claim. One example is the' constraints
redped to memory allocation. Computer programs must

* sequentially addressed explicitly account for all anticipated memory needs. If a

• common storage of data and program description is going to be associated with parts in a 1arts
dracking application, a field must be defined for thesotae

unidimensional description. The liength ofthe iin, is fixed in thesoftware, frt

* No 'hardware distinction between data and for example, perhaps 20 charactv rs. Once this is done, 20
instructions characters worth of memory will be allocated for every

Sdescription. Even if a part has a short description, it will
* No hardware meaning of data be stored with 20 characters worth ofrmemory. Ifa part

-----When von Neumann proposed his architecture, many has a particularly long description (perhaps longer than
hardware limitations shaped his decisions. These con- anticipated during software design), its description still
straints no longer exist, but his architecture has persisted. has to be limited to 20 characters. Additional flexib~ity
There is considerable momentum building in the area of could beachievedbysettingaside40characters ofmemory,
parallel computing, but even this effort is based on paralld but memory is expensive in terms of purchase price and
von Neumann architectures. The principal reason for the slowing down processing rates.
persistence of this architecture is the need for backward Even more important than ,- -ory allocation is the
compatibility. In other words, the need for old programs procesing limitations associate. .n the Von Neumann'I to run on new computers. During any given generation architecture. it is often nottj that computers process i's
of computers, there is a considerable investment in soft. and O's, but what does this really mean? The I's and 0's
ware. It is undesirable to lose this investment every time represent'numbcrs in binary fo-' t (i.e.. 0101 is equiva.
a new comnuter is fielded. lent to 5). All of the processir 0 done by the computer

The reason for raising this issue is that a cmaputer's revolves around manipulating binary number,. Thereare
architecturedrives its inherent finctionaliryerd ttheamnount only a few ways in which numbers can be manipulated by
ofsoftware effortn ncessary toacficveother fnctions (i.e.. computet. I's and W's can be added together, compared,
not processing speed). A primary characteristic ofthe von
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decremented (or incremented), shifted (left o, right), to have a configuration manager to track the integrity of
transferred and accessed from memory. Other arithmetic the code. Computer viruses are more of an unknown.
or logical fitnctions can be achieved by adding several These are software programs that can sabctge applica-
flavors of memory anu instructions for combining the tions and stored information. Viruses are primarily a
basic operations. Using these basic functions, computer problem for computers that communicate with remote
programs can carry out an enormous -arier, of applica- locations, but the possibility of overt or accidental ccn-
tions. However, the point is that computers only work tamination is alway: possible 'Techniques and expertise
with numbers, and there are inherent limitations to the exist toaddress theseissues,hbutalloftheseissues represent
non-numerical capabilities of computers. The number. additional considerations involved in computer applica-
being manipulated might represent "numbers", but nor- tions.
mally they represent various elements in the application.
Computersdo not inherently"know" anything except the , A I igence
meaning of numbers, as a result, everything else needs to Artificial Intelligence (Al) has achieved "buzz word"
be explicitly predefined in the software. For example, status, and isfrequentlyadvocated as :heheart ofautoma-
computers might represent an aircraft with the number tion systems ofthe future. Although Al has not produced
37889 and a wing by 98843. If the application requires a machine that can think, the field has developed several
knowledge about the relatior.-hip of aircraft and'a wing, new oofkware devdopment techniques. Expert Systems
this must be explicitly stated in the software by other are the moet successful example of these techniques. The
numbers. In contrast, the representation of ai.craft and aim of research in AIstill indcludes the purauirof machine
wings utilized by. humans inherently represents their intelligence, but forpractical purposes, fewbel evethiswill
relationships. Once a human understands the meaning of be achieved any time soon. Al does have some applica'-
"aircraft", they inherently understand wings. Therein lies tions in aviation maintenance, but it is important that
the fundamental weakness ofcomputers: eve.ything and these efforts are initiated without any illusions about
all relationships must be explicitly defined. This is not to machines becoming intelligent. Al is warranted if an
say that all relationships cannot bedefined, but that doing application would benefit from "human-like" reasoning.
so is very often an enormous undertaking. Al provides a structured methodology for incorporating

The result it hat less expensive, more powerful computer this reasoning into programs. Remember, however, that
hardwaredoes not necessarilywarrant application ofmore all elements and relationships must be specified, comput-
computers in aviation maintenance. The largest task ersGonothaveintuition. lt is helpful to keep this inrnind
involved in applying computers is independent ofprocess- when assessing the feasibility of a particular aLtivity. The
ing speed, it is explicitly understanding and documerting more information (knowledge) necessary to carry out the
all of the information needed to accomplish the a! ,!ica- application, the more complicated, time consuming, and
tion. New techniques beir-areidentified to facilitatethis expensive the project will be. This includes knowledge
process. Standards are increasingly being established to that seems obvious to humans, such as the relationship
facilitate the reuse and portability of software. Compute.' between an airplane and a wing. Nothing is obvious to
Aided Software Engineering (CASE) tools are frr.- computers!
increasing the productivity ot. programmers. Artificial The field of Artificial Intelligence has developed struc-
Intelligence is an example of a software technology that turod methodologiq for accomplishing several types of
makes efforts to develop human reasoning applications capabilities. There are techniques for voice recogiition,
more productive and well defined. Expert System and, speech understanding, computervision, text uderstand-
Database technologies also fall into the category of ap- ing, ro'u-xics, anddecision aiding. Researchers ontinuec.
proaches to make the software process more productive, work on automatic programming and learning. All h
Non'"-the-less these technologies do not change the fun- capabiliticý fjr short of humans and require major devci -
damental need to define all application elements and opment efforrs. Forthe most part, itwill remain economi.
relationships explicitly. cal to utilize humans for applications that require humar.

Solutions based on computer technology must also ad- capabilities.
dress security, configuration, and the threat of computer 5.4.3.4 Expef
viruses. Passwords usiually provide sufficient security, but
c6nfiguration can be a major challenge.The primary issue Expert Systems now enjoy wide popularity. Expert
is that, once a program is written and distributed to Systems achieve intelligent functionality in a straight
different locations, eachlocation can make changes in the forward manner. They are based on "if-then" rules. .For
software. The result is a variety ofversions ofthesoftware example, "if the object is a 747, then it has wings". The
and some confilsioi. As a result, it is normally necessary heart ofexpertsytemsarerulesthataddresseeveryrelation-
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ship or int~cist in the application. While thc cow-cept questions. Frxpert systems can not be drveloped From
sounds simple, deielopini-an effectiveat'proach to irplic- technical manuals, live experts are needed. Much of the
menting, these systems took considerable t~mc ~ power ofan exp-.ert's knowledge is in terms offluances that

Thie process is now Facilitated by the use of software aenocntneinmuls
packages called 'expert system shells". Developers no The processstarts by assessing thc types of is,;ues that will
longer netd to spend larage amounts of time coding the be enicountercd by the final product. Likely scenarios arc
structure of the exper system. These packages normially identified, and the expert is asked how they might respo~nd
contain dlevelot, ment environm ~nts thzit facilitate build- to a Oiven sce-naxio and why. The difficultry is that there is
ing the knowledge base and designing a user intertace. noway ofknowing for sure ifall scenarios the opera-.ionai
There are mzny shell on the market to suit different zcxpert syste will experience have been addressed. Thus,
needs, but large complicated -epert 3ystems are often it is never pos~sible tok-now ifthe rules obtainedl from the

cusomied.Shels avelimtatonsof imeional:t and expert are sufficient. Unfortunately, as with most corn-
flexi~bility, but th~erearc fcw (ifany) aviation maintenance puter appl ications, chatnges once the syste m is (j')eratIi C-
appli[cat ions that can be im pi ementuxicos~teffectivelyby 2 are not easy. The reason is that rules enit-rod into
custom expert "ysem. poamrew Itein terms of models of the sys~cman

When a shell is utilizeýd, roughly 50% of the effort is pomsible interaciobetween the elements of th ytm
the nowldgeto b repe Adding to the existing rules is not a major undertakingPianning and documenting thte theodefustbpangtoithavempliatio

sented bytheexpert system. Figure 5. 1 shows the overall bt fh oe utb hnei ~nhv p ctir
structure of an expert system. This procms. requires tw for many rules.
kinds of people.~ otic is frequently labeled the'know~ege It it -r- toie c know how the system will respond in
enigineer" and the othcr is the domain expert. Iz i the .,nvxrzon' environment becuse only known see-
knowledge engineer~s Pob to develop the rales th.-c v j. be narios can be tested. This'uneertainty leads to a critical
the basis of thcxpert syst-in. 'F'hisisasmtz;chotanar-as criterion for determining the fea~sibility of an expert
awlerincesinccit is neverpasliblerto besutcthc krowlcdgc system. The problem has to be very well defined. '1he
iscomplete. IDomain expersdo no rcadliyth~nk n crrn-- succss' of the prolect twill be further jeopardizecd if thle
of explicit rules so these need to bedrawn frorn answers to problem is not rigid and changes during the project, cycle.

III______ COMPUTER iINSTRUMENTATION

HUMAN EXPERT

E KtNO TIDE COIFE
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The final expert system -isusually implemented with a steps. 'Vhcimplemer..ion agcisa matteroflearningibc
menu intErface. The user navigates through the"Sytemn by particular sofr-ware pack-age involved and carrying out the
seaecting items on menus. Data is entered in a similar steps requiresi Thcplarnning stage is the most critical and
manner by selecting one ofseveral possibiliries offered by. the least defined. Databases are essentially made up of
the computer. The interfaces are becoming more graphi-. numerous smalIl ataba.s- with links betweecn them. 'I 'he
cal and intuitive, but the computer still only understands planning process i .nvolves prodicting the characteristics of
numbers. The software associates each element in the *alofthertypes of information that are tobe Included in the
menu with a number. For example, if the observation to database. in add~itiont,all th-c possible us~esofthe infor-mz-
be considered is that there is a "blue staii, on the friselage" tion ne Ied to be known ahead lofrimc. T1his is usually done

*it would be too difficult for the software to associate a by developing input screens and reports w~th the help of
number With each of the words. In addition, there are the user.
numerous ways in which the same message can be. con-
veyed in natural language. This problem 'is avoided by Thpesntaetr noraoniotedtbs,

enters ;nformation into one or more fields. TIhese fields
crcingmenus of options, each of which is assigned a. Iorsn to hepsieclsicaisofteInra

numer.hisisan ddiionl imiinglaarsinceit may corsndt h nibelaifainsftenom-
not be, possible to know ahead of time all of the possible tion. The fildds explicitly link the new information t

codtosthat should be addressed in menus.' in~formation already in the database. For exapea
maintcriancedatabase mighithavea' fied fcr par-tnumber,

Once an initial question 'is asked by the user, the expert aircraft rype, part desciription. quantiiy available, or other
system will prompt the userwith questions until it has the designations. The nuImber Of Ways Information can be
information necessary to satIsF~y the rules. '[i1e rules in the accessed- is a kin -tion oft he n umbhero01fieds, but each field
expert system are normally given associated confidence takes data entrytrime and the numibcrof fields should be
factors. For example. if two condit ions exist there is some ininimized. The final daxahase is the developer's interpre-
amount of confidence that a third condition exists. This tation of the user's needs. For the interpretation to be
information is presented to thei user along with conclu- accurate, developing adataibase rcquires carefiilcommuit-
sions and the list of rules that were applied to reach the nication between the user and the developer.
cone1lusion. As with other efforts to implement technological solu-

One of the steps of expert system de-velo-pment is the tions, it makes sense to start %maial. A demonstration
thorough documentation o)f knowledge in a particular database should be built to test assumptions and obtain
area.. This can be -i usefiQ product in itself if an expert is additional input from theuscr. Datahasescan not becasily
nearing retirement. This-is not an un~usual situation, since: modifiedl once theyaire compltce. so It is important that
the expertise we value 'most is that gained over a life time. the process not get too far ahead (of the user (i.e.. entering
The aviation maintenance industry is ficing the retire- vast arimountsofdarAwithour obtaining u~seracceptranccof
menit of a large percentage of its work force over the next the approach).
decade. Expert systems might be warranted in somc *l'hcre areotberernsidcratmons oncethcdatabasscisCOMn'
specific, well defined areas. pee Dt~nrsiulbcrfil otoldt an

5.4-3.5 Database$ tamn the infegrity of the iriformat ion (i.e.. two people
her isseinecoeolecingnd ainainng nfoma- entering different versions of the same information).

.'Mce i a ciece t crl~ingad mintanin inorm- Once again, maujor applications arc likely to riced a
rion with computers. T'he primary task is to ensuire that pcaitosuoradmininheaabL.
information will be readily accessible when it is needed.

*Numeroujs sofiware packages are available to facilitate this 5.43.6 Peziphi-AI and Support~ing
process for moist appliatxions, including packaires specifi- ,TP~hnologies

c ally designed for aircraft maintenance. T[le task of
database development involves'three steps. ,'[be ,qnnd Storage media. IData -torare is currently acconliplishedi
percentage of totai time requircstl are listed l ihniznucidpicdrlhrlgrs evs i-jrm

(lfmcniory devicins tsc ringnctik' tech noli 1g', fo~r exalnir Ic
Planning '3Yofloppy disks, hi.ird disks. tape, cassette, and moest niai 1

ln~ natio f~.ine ern~y peipherals. 'I lie ",.ijor advantaiic% lie in
its cuost. playkAl site, po~wer retluirtititmCts.'and %sl~iiI II

'Dt ciI (00/0 accnessing data. -Industry rn.aiimfActii rers sii.h.L Con (nor

Tlhe most dctcrmiri.ticstiesteis the data enrityreffort. l('you, l'criptwr-as .SC2atir. andi Toshiba continujously idenitify
can asvssi_ how long the data entry will take, it give you etilhincrt'ients.
some id1ea ofthe miagnituide ofcffiirt-in'Volvcx'd in the ot ter
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Optical Technology, which is used in compact disk read- produced in all three technolgies with the LCD technol-
only memory (CD-ROMI) and write once read many ogydominating most ofthe flat-panel market (ie.for PC
(WORM) sy~stems, is relatively new. The major advan- laritos.)
tages of optical storage technology is its large capacity andL
the reliabdiiy of the data (i.e.. it is not as susceptible to A flat-panel display technology cuirrently.under develOP-
magnietic (kcids or physical contamination). The major merit is called field-emission displays. They take advan-
disadvantages are in data access times which are long due tage of the basic principle of the CRT, but rather than
to data file format and the lack of standardization found using a bulky, high voltage electron gun, -it uses 'a micron-
in WORM technology. In addition, the hardware is rtore size cone-shaped structure called a "Field-emission cath-
expensive than that used with magnetic storage mediums. ode" which can produce the same resiLts as a CRT, at
The advent of rewritcable optical storage based on mag- much lower voltages.
neto-optical technology, may increasetheutdiiyofoptical
system. A display developed by Reflection Technology called the

Input methods. The keyboard remains the primary input 'Private Eye" is worn by the user on a headset. It is a
deviceforcomputems however, a nLmberofotheroptions miniature display (lxI inch) that is placed in front of the
are becoming available. These include touch-scrern, voice usersdominant eye, and creates the illusion ofa fulal (I Ox12
recognition, mouse, bar r-ode readers, stylus and hand- ic)dsly tcssaon 60 u ti o e
w-iting recognition sohtware. Touch-screen is currently practical for aviation maintenance. Use of the system
used in applications; such as manu factouring environment% demonstrated that the head set is awkward and keeping
where keyboard input is not feasible. It is mainly intc- the display in the righL~t location fo~r viewing requires
grated in CRT displays with some usc in flat-panel constant attcnition. In addition, looking at the d;splay for
displays. Voice rctognition systems have made con~sider- any length of time becomes uincoinfor~able.
able progress to the point where vocabularies of 60,.000
words have been achieved. The sy-stemts are probably still Printers incerase in quality and become less expensive each
not practical for t6c maintenance environment for cost year. ,Printers remain the principal form of computer
reasons, their tendency to require words to be rep~eatLd output, Voice synthecsis as output. has found snme appli-.
and the problems caused by extraneous no:.-As. Data entry cations in telecommunication systems, b~ut are as yet too
by mouse or Joy stick is relat ively routine. Bar code readers expensive and inflexible to be applied in more than a few
are finding increasing application. TWA uses bar code aviation maintenance activitics.
technology to track labor and pairs.,lIie first commercial
portable computer to accept hawndwrttn input is cx- 5.4~.4 ImpanI~eitation Guidixke
pected in December 1991. The hardward for this sstcn i 5.4.4.1 Syster Integration
will cost around $5000 and there arc a numerous con-
straints about how the handwriitten inputs are made-, This seiction relates lessons learnod from a decade of
however, handwritten input may eventually be usefl for implemeinting technology in aviation maintenance and

spcf Ic maneac' ctiiis. other applications. Technical fuanctionsality is normally
the fiicus afdevelopment effort., but exper erice demon-

Outpudingd aTho en Rayrue (ccrT), di laytechndlgc, strat I s that Human Factors issues arc the principal harrier.
* iniatureg Cahdislas CRayTu dispay echn ng and rostlccss I lumans remain ihc engine for most complex

gressed from monochrome, low resolution'displays to systems. For exampk,. even automatic test equipment
multi-cAolord, high resolution systems as the industry (ATFE) is dependent on humanis for planning, design,.

stanard Curenttreis ndicc rsoltiomwIJ co- manufacturer, installation, and maintenance. Aircraft

tinue to improve for greater picture quality. Flat-parde maintenance in thirty years w!ll be different thin today,
displays offer a low-profile alternative to the CKr. Ic and automation wiil cerra~nly hav.e a larger role. The
three major ttchnologicsoffesvd in flat-paincl diplay% arc quctizon is how do we get to) that future system with a
the liquid c .rymtal diplay (I.CI). the gas plasma d11Pl.v,', Mininitiniti~ftriaIand errorht Ilanswcirscrims to b% or the
and the elect lduminecent 0-1:) dis.play'.j Th nil tnotse"'c lvr the "hare'. lXevclopnvcnt etforBit in the

challenge~~~~~~ ~ ~ ~ ~ i vc1InI c dslyistmaet w n 1980's demousstrated th iimplementing new technolo'.-

readlable: in virtually All lightinit conditions.at high rtl- gc is an expenivet ali l.&rgelv experimenita process.
tinand produce It t rrasonible C~ms (urrentlyv this ( csrafl.,li Ic r)ruings indicate that unless an orginmi~tion

flexibility is still elutsive. 'Ibi1S i comiplicasicd1 even further has the resouirtes roexeiimen:nci with teu~hnology, itshouild
INa color scrken is desii A. Currefntly, displiys a~rebcmnii wait for others. to w~ork out 'the 'bug-". If i sys'teml
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development project is undertaken, it sho!ld bedonewith Once a team has been assembled from the two groups the
".eyes wide open" and not based the fact that it is "techno. planning can begin. Three types of information must be
logically feasible". There are numerous lessons to be obtained during the planning process. The first is deter-
learned from past efforts on this account. Finally, it our mination of system requirements and the functions the

findingthar for the foresible future, humanswill remain system will perform. The objective might be to comput-

Serize the current system, in which case research is probablycentral to maintenance, and implementation of tehn01- needed tc identifyexisting types and flow of information.
ogy should be centered on supporting humanRequirements might alsogobeyond thecurrent stem in

5.4.4.1.1 Planning an Automation System specific areas It was noted that ineffective manual
approaches remain ineffective when done on a computer,

There are numerous reasons forneedingasystem andeven thus existing approaches should be carefully scrutinized
more functions the system can perform, but once manage- before they are computerized. The requirements process
ment recognizes the need for a syst.rn more details need might also involvea numberofvisits rodifferent locations
to be considered. Table 5.5 list the typical steps in a to a what others havedone.
feasibility study. Many early systems were developed
without sufficient input from the end user and, 'n some Once the requirements ofthe system are determined, the
casm, the final system was rejected (or ignored) by the approach for implementing the requirements is devel-
users. Maintenance organizations are now very sensitized oped. Naturally, it isdesirzbleto huild on existingsystems.
to the importance of incorporating user requirements. Theapproach should bedivided into modules that can be
Large airlines have internal data processing departments developed and fielded incrmentally. Benefits should not
and some large and small airlines use consultants to help wait for the entire system, each module should add value.
in system development. The process requires a dose Anticipated screen layouts and report formats might be
working relationship between user and system developer. identified at this stage. The next step is to bring the
Often userorganizarionsaresurprised to learn that system requirements and the design concept together in an
development requires the full-time nvolvement of one or implementation plan.
more staff members, and the part-time involvement of This is the stage that requires the closest cooperation
many staff. between user and developer. Numerous tradeoffs are

Example Feasability Study

step Description % Total Time
1. Rapid needs assessment 5%

2. Survey of management support & team bu' ding 51%
3. Airline ;nalysis- existing verses needed reso rces 10%
4. Definition of requirements 25%
.5. Definition of approach to design 20%
6. Reassess requirements and design with user 10%
7. Justification - benefits 5%
8. Justification - costs 10%

9. Overall development approach 10%
10. Report -written and oral'presentation ongoilig

Note! The steps are listed in the order that the ywill be carried out, however,
most steps are iterative in nature.

Table 5.5 Steps Involved in a Feasibility Study,
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always needed to make implementarion feasible. Users a need for additional creativity in increasing worker
need to cnsure that priority ofvarious functionsare known production. Aircraft maintenance organizations'focus on
bythesystem developer. Otherwise, facilitating hardware the~factors that make humans capable of doing the job
and software development will drive trade-off and the (training, tools, support equipment); but many do not
result may not be acceptable to the user. Once the adequardy address factors affecting human willingness to
planning stage has been completed, it is possible to make do tasks (participation in decision making, economic
a more realistic assessment of the advantages ofautoma- incentives, recognition programs).

eon. Cost estimateseshould be balanced with promised Alternatives should be considered before system develop-
ment is attempted. The availability of new technologies

5.4.4.1-2 Hunan FaLtors s not in itself a reason to implement technology. One
th actorthat characterizes successful useoftechnology is that

The objective may be to implement technology, but the they are in applications where there are no alternatives.
success or failure of system integration very often comes Examples indude systems that support on-condition
down to Human Factors issues. The devdopment task is maintenance of aircraft engines and tracking parts.
basically one of reconciling the needs of two groups. The
groupdevelopingthesystem knows what needs to be done 5.4.4.1.4 System Development
to addeve a particular functionality. The group that will If there are no alternatives and the decision is made to
use the system knows what functions they want imple- implementatechnologicalsolution,th.reareanumberof
mented. Unfortunatdy, a.pproaches that are easier for the impeet a chnoi s oe
developers often produceunsatisfactory results fortne user things to consider.
and vice-versa. Thetradcoffs must be negotiated beweenti 1) It is never easy the first time 'If an application is
thegroups and there-;n lies the Human Factors.challengc. particularly suited to a technological solution,
The groups have disparate languages and perhaps ev.n. there will eventually be numerous off-the-shelf
disparategoals. The system devdoper is usually judged by packages available. If the proposed application is
the cost and the rate of development progress, and the the first of its kind, beware. Systems are built from
user's focus is on maintaining aircraft. The process re- numercus individual technologies for everything
quires constant communication between these groups. fromwire to metal cabinets. Thesystem is &pen-
The user is usually interviewed to determine hi: require- dent on all of these elements working together.
ments, but unless there isa constant exc-.angeofinforma- Failures can occur anywhere. Successful imple-
tion, the final product ends up being the developer-. mentation of t-chnology requires explicit consid-
interpretation of what the user needs. Thus, a primary eration of every possible outcome. Once similar
lesson ofefforts todate is that there i a need for increasing systems have been built, knowing all of the pos-
consideration of human factors in system design. A sible things that can go wrong is easier. Oneway
paradigmi that centers system integration o.i humans (end toaddress this is to build a small scale version ofthe
users and those zhat participate in system development) application and test assumptions.
and n,•t on emerging technologies is warranted. "hie're is 2) Use thle most experienced talentavailabie. Noth-
an enhanced awareness of the need to focus on the user,
but the current paradigms still focus on technology. ing replaces experience when it comes todevelop.

ing complex technical systems. The experiencod
5.4.4.1.3 Aiumatim person will cost more hourly, but the job will be

e lcompleted much more thoroughly and rapidly. If
The least citpensive approach to implementing tchnol- experienced hdp seems to be too expensive, it
ogyis not todo itat all. Organizations can get hooked into should raise questions about whether there is
competing based on who uses th'- most advanced technol- sufficient resources to undertake the task at all.
gy, but given that theproduct is aircraft maintenancethis

can bean expensive dversion. Implementationoftech- 3) Wt/ver can go wrong will go wrong. Cancl-
nol(•gy is not the only avenue for add ressing the increased ing a project because ofproblems encountered can
conmplcxity of aircraft maintenance. '[ihe research prow be very disappointing and expensive. 'Ilie project
gram on 1luman Factors in Aviation Maintenance. of should not be initiated without recogniiing that
whi-h this tcchnology stKuy is a par, is dcsigned to numerous difficulties will be encountered. The
dev'iop apptnaches to make more effective use of the difficulties will be proportiona to the maturit'of
human resources. Peak hu man •crfh rmance is a function the technology and the experience ofthe i ndividu-.
of a number of fcwtors and currcnt management tech-. als involved. Installing dedicat~x ATE from a
niquesdonot addres them all. QuaiityCirdesandsimilar manufacturer may have a few unexpected prob-
employee involvement programs were a start, but there is lcms, but intemal devdopment of unique ATE
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which incorporates voice recognition can expect 5.4.4.1.5 Maintenance Automation
Smany. m yAutomation system development is normally controlled

4) Requirements should be specific and rigid. In bydataprocessingpersonnel. 'hM userswill usually assign
effect,system .,evelop, mt requires predicting the one person to act as a liaison to insure their interests are
anticipated use of eq ipment and the operating incorporated. Problems can arise in severalareas. Tech-
environment. fhis isn arly impossibleas applica- nological considerations that simpiify system design are
tions become morege: -.ral. Avoid thetendencyof often incompatible with features that simplify use. The
requiring equipment ko be more general in order computer's affinity for numhersversus human affinity for
to spread thedevdoprr ent costs across more appli- symbols is in constantconflict. Unless thedesign team has
cations. Rigid requirements are necessary, since considerable expefience in the application area, they very
changes become more expensive to incorporate as often under.stimate the effort required. When deadlines
development proceeds. Figur5-2 illustrates the approach, user requirements are vulnerable.
increase in cost as the project prceeds. Neithergroupmayhaveastrong undcrstat dingofhuman

5) The system shotdd be fielded incrementally. factors considerations, and human factors specialists are
Eachelementshouldaddvalue,andthechangesto often not a part of the design team. Approaches that
thecurrentapproachshouldbemadeslowly. This facilitate the incorporation of human factors exist and
permits an ongoing process of evaluation and shouldbeconsiderod. TheeMANPRINT(manpowerand
enables users to provide inputs and bccomeaccus- personnel integration) program at the Army has devel-
tomed to the system. Waiting until all resources oped avery specific processto incorporate human factors
have been expended is not a good time to discover considerations in system integration of large systems.
the success or failure of a system. They have also accumula-ted over 70 resources that are

6) Aume technology will continue to - available for addressing human factors, including the
"The three or four year cycle needed tc implement following (Booher, 1990):
technology corresponds with the three or four year * Analytic Techniques
cycle in which major new technologies are devel- - Computer Software
oped. The result is that by the time a program to e Data Bases
implement the last generation of technology is - Handbooks/Guides
done, a new generation of technology will be - Military Standards/Specifications

It Pays to Detect Software Errors Early
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Maintenance data processing professionals and managers capable of using the system to achieve a task, but ad,1i-
learned the following from experience: tional considerations are necessary before hum-r.i wilt be

willing to use the system. Much can be accor ,"lshcd b:-
Ensure user involvement and support during all

sirply asking, as long as thedeveloper is willing and a>;,!-
phases; the .reshould be no surprises in the end. to give priority :o even seemingly minor considcrauý .
It might even be necessary to ensure the users have Th e dcsign shoukl account for the fbliovwing:
a realistic knowledge ofihe challenges ofthe process Control shou!d rcmiin With the user. Huniani arT
to avoid excessive expe ctations. r:aturaiiy urcoiforta msiruatcnswhirethed.:

Do not chie the latest technology, and he conser- o -havr ce:- ov.r pr cr.ss. In most ca:ses this is
.ative on hce number of funations aaomnitcd. ;, t:L vý:., butehe s'"rat~on t-at r'ul

The definirton of the fiictions automated should b oni kder .ti 'iig ar, more cficicnt approach and not
be very eci , ctonssh deing able to enact it.

DGatinng user inputsshouid be more thain a onester,
Design in lcxb;r ity and anticpateat the r,,is ei'ing, ften uscrs don:t
Build the system in an incrcmcnai manner wher tc now what the" radlywanr r need ard do;'t krw

-each module can return value as sxm as it is what S psrsi',,c Ur i:mr must be an inierarztmvc
complete. a:,l ircrati'c Proc( -'s.. hesc ded aaii ;vaW

Do not lose sight afthe fact that maintenance is ihe t thro,.ghmut he rye. ni' rt :rages. Itivolvi
mission of interest and computcrnrar io shouMd users in the d dci i.Ž. or ,,- . pro'i t iCen Cons'dhnttxo aeninitself. ,"ri'ne altwrnasi;',e anad OFr n• l.sLt users test the
not becor.an end in itss stem and 's if cne re-all like Ii,

"The original justificati'on uofautomation sv'stcn-scýan aproach. Ofteni -L!e ',i ,rdo,• otr, for reasons tho
oe losi in the "teat" of irplcmentit the system. •,crc unable to pr-dict orom a concept decsriptio'.
Evaluations and expectations should be verified on Humans should not be exix-cted to assimilate vast
a continuous basis from proposal throtughout, the quantiti• of data or information. Computers have
life of the system the capability to keep vast amounts ofinfimaation

5.4.4.1.6 User Requirements on-line, but the information should not be pre-
sented to humans all at once. The challenge of

It has not been productive to compel humans to use serving as a source of information is not just to
automation systems, thus success depends on obtaining provideaccess, but toproviderapidacccsstoneeded
user acceptance. T1,.: problem does not seem to be a information and nothing more.
general reluctance to use technolog,, but resistance to
systems that do not have adequate utiiity. System dcvel- Singledata entryshould scrveall parts ofthesystem.
opers are now well sensitized to the importance ofconsid- Data entry is a "bottleneck" for computer based
ering the user, and will always claim advocacy of user systems and is made worse if disparate systems can
need Theproblem is that addressing the users needs is notsharedata. Applicationsthatareinputoroutput
not easy, and simply asking users what they want rarely intensive should be avoided.
suffices. The users know and understand the current Systems should provide tangible benefits for the
approaches forgetting the jobdone, but not tothelcve! of work force. It seems obvious, but there should be
detail needed forcomputcrization. In anycaýe, ifthe most some clear benefit in using thesystem. Ifthe benefits
appropriate approach is differenit ,rom the current ap- are in terms of greater profitability of the organiza-
pr%: h, usersmaynotbethebestsourceforrequirements. tion, then that should be communicated to the
The criterion of"user friendly" might suffice as an objec- users. Humans are naturally reluctant to use sys-
tive, but is too vague to be a useful design criterion. terns that intcrcase their workload with no clear
Devdoping a system' that addresses user requirements is benefits.
difficult not only because user requirements are hard to
define, butbecausetechnologiescanonlybeimplementd Computers should serve humans. Computtr sys-
in a limited number of ways. Implementation must be tems depend on humans for data entry, mainte-
accomplished within a long series of constrants. nance, and upgrades, so it can start to be confiusing

who is serving who. Humans usually need to adapt
Achieving user acceptance requires system developers to their approach to fit the computer. The use and
take a broader view ofdcsign objectives. Thesystem must benefits of computer systems should be dearly
be designed to achieve functionality so that the human is
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stated and clearly demonstrated, so that humans Training - All new systems will have implications
will know why they should want to adapt. for training. These should be anticipated and

Users should be allowed to optimize thie system. planned. Training will have initial and ongoingUsrssoudbealoe t ptme th yseelements.

System development may end with a wcrking
system, but there are always enhancements to be 5.5 RECOMMENDATIONS
made. Uxers are the best source for identifying these

.5.5.1 Oveview

There are several general considerations that apply to This research is part ,f a larger research program on
technology in commercial aircraft maintenance Human Factors in Aviation Maintenance Inspection.

The interest is in strategies for enhancing current practice
Coat- few maintenance organizations can afford to that might not be apparent from the perspective of
payionrthedevelpmen af fnew t echnologyapplica- maintenance professionals performing their day-to-day
idons. Some can afford to purchase systems deve- duties. The recommendations that follow are based on the

oped by others. In any case, the vision of every first phase oflob Performance Aid research. The last two
technician walking around with a portable job phascsofresearchwilldemonstrate, validate, anddevelop
performance aid is some time'off, unless the benefits approaches to implement the recommendations.
become more tangiblc. A system that provided
access to maintei•ance manual information would 5.5.2 Recommendation 1
be worth less than $100/technician in tangible Make more effective use of human resources and realisti-
benefits. cally examine the utility of technology.

Hostile environment - technology is
fragile, and making it durable can be 5.5.2.1 Descption
expensive. While most maintenance Additional consideration'should be given to ipproaches
activities are not reasy or done in the that use human resources more effectively before new
rain, things do get dirty or dropped. technologies are implemented. The process of fielding
Experiencewith microfilm readers and technology is largely experimental, and although initially
computer terminals demonstrates du-. appealing, it often requires more resources and preduces
rability is important. lesssatisFactoryresultsthan anticipated. Fielding technol-

Information needs oftechnicians- the information ogy is important for long term competitiveness, but it is a
needed by te,.hnicians is not easily quantified. It is long and expensiveprocess. It isnoapractical alternative
not simply a matter of placing technical manuals to making more effective use of human resources today.
on-line. Technicians need numerous types ofinfor- Management of human resources should use a broader
mation: perspectivewhen considering the issues involved in attain-

ing peak human performance. The current focus is on
• Location of tooling and fixtures elements that make, humans capable of performing the
* Work completed on previous shift work, but tereareotderconsiderations such as obtaining
9 Location or arrival time oraircraft their willingness to do the work.
* Relative urgency of repair
* History of particular aircraft • Clear and concise goals
* Remote effects of local actions * ownership
* Alternative repairs •cooperation

SProcedural nuances Job satisfaction
P recognition of contribution

Portability - given current per user costs, it is likely *o realistic expectations
that systems will have to be shared between many • adequate working environment
technicians. As a result, they need only be located * Respect, trust, and loyalty
in a central location. • Competence

Graphic" - Graphics are expensive to display and * physical
store, so there is some-motivation to minimize 9 cognitive
them. However, illustrating what has to be done is Fewwould admit toplacingmorefaith in tediwology'than
much moreeffectivethan text instructions, so graph- people, but the research demonstrated that low tith in the
ics ire essential to user acceptance. capabilities of humans was a large part of the motivation

for system development. There is some discomfort with
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addressing issues such as job satisfaction, and techniology user. The perspective needed is one that centers system
appears to be more predictable. However, if humans are development on humans.
used more- effectively and technology is viewed more Many claim to work closely with users during system
realistically, a different picture aries development, but not all are successifil. lmplerncritar:on

Research in this area and othecrs; addressed by the Human deocisiorisstill tend to bedominated by a given tech noiog'S
Facrors in Aviation Maintenance and Inspection Re- facility for achieving agiven function. Forexramplc, most
search demonstrated that there is a potential for increasing on-line work card systems do not incorporate pictcures or
human performance in aircraft maintenance. The un- the task described, bciau~segr~phics are mcmioiyinte~is. "C
tapped p~otential of existing, human resources should be and much morec difficult to create than text. Perhaps,
utilized and existing techiiologics .-hould be ci-mplctcy work-arounds can be identified such as pasting in graph-'
intev-,attsl before new systems are fielded. Fixpericnec !--, afier the fact, but this ic-ads to other difflecultioi. Fot
demnonstrates that each nc-wsv.tcin introduces unknowns example, if the graphics and text come from two sourecs.
into the maintenance process. the terminology mnay not correlate sufficiently. A systemi

5.5.22 ~development Perspective centered on humans might lead
to a decision t.'- hold offrputting work cards on-line until

Maintenance managers ire oftcn too busy meeting the pictures can be adequately' incorporated. Care should be
demands oif the dlay-to.<tiy maintenance effort to have addres.cv.d to clements tha- seem to be minor inconve-

timforeflccinonltenarvcaproawhesto mikere wrinces. Parts are no cngcer tracked bv their name and

effective use of humnan rvyourccs. Changes .2n lo oe description, butitvnurnbcrtr-. iftwopartslcioksimi!; .ind
;niciated bottom up, and no one person can change the have simil0ar numbecrs, technicianis might use a pan with-
philosophy ofan orgaInization. Affeciing changes wil! not our taking thec time to track down the descr1Pip)Iitilam
Cw eaSY. heuc Human Facorws in Aviation Maintenance indicaite why the parts are not interchangeab~e.

research effort is (lesigrned to increase awareness fiom the In other words, once the condusion is reached that more
ropdown. Onceir isn.;-ognizcd tiact iirtherconsideration effective utilization of humans is not sufficient for a

of hmanfactrs ightproidea.'cuesto ahieing particular problem and a technology solution is war-
more effe-ctive use of human resoUrecs, the neat step Ls to ane- uassol o efogte.S a hr sn

tes te de. Af piot progfctram can beonitriauted toprvie structure to insure this. This process can be facilitated by
maneanmo el o ffhowt Phuan facors can conatributer tothe of establishing up front that humans (users) are more impor-

mainenace efor. Prhap wok ona prtiulartyp of tant than technology. The process should revolve around
aircraft or particular shop can serve as the~test case. [he helping humans maintain aircraft, and nottheexistenceof
effort should be careully planned arnd the exported ben- a particular emerging technology. Tradeoffs during the
efirs should be tangible 'to include the following: development process should carefully consider the tech-

pReduced turn-arourd time nolorgical alternatives for increasing the utility of the

Increased quality system forthehunan users, and should not bedomninated.
by eliminating functionality simply because it is techni-

Reduced parts cot cally inconvenient to implement. Trie reverse is also true;
functions should not be added because they are techno-

553 Recoflnmeflda~of 2 logically convenient. Developers and users should have

Avoid iser acceptance 2nd system utility problems by' shared goals.
cenicring system development on hurrians. 53

5.5.3.1 Description Boeing Corporation has take'n the step of assigning .a

A d e o usr acepanc prbles hs ld t an maintenance expert to a leading role in the development
cnhan ~sensitivityof ustr needs. Nodevclopcrwill risk of their next generation aircraft (Boeing 777.) This
being mcied as insensitive to the user. However, individual has the doutto insure thatecaseofmaintenance
sensitiN itydoes not mean developers know how to effec- is a primary' consideration in system design. Boeing was
tivelyii corpo.ate user needs in system design. Implemen- motivated to do this to increase customer satisfaction with
tation if technology is still easier if the user is ignored. theirproduet. Fquivalentstreps can be taken in any system
Devdox need the expertise, resources, and staying development effort. It is amatter ofestablishing fromthe
power :o end up with a system that is compatible with tpdw htcnieaino h sri aaon.I
humani. The ccpertise mitts, but a shift in thinking is technology has not progressed enough to provide an
needed to insure future systems will be accepted by the approach',hat will provide the fun I cionality needed by
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humans, the development project should not be started when they underestimated the magnitude of the under-
until it does. taking or tried to implemen: technology in place of better

The Army's MANPRINT (manpower and personne utilization of human resources. Increasing the efficiency
integration) program provides the largest scale demon- ofhuman resources isalot more appealing when technol-

stration of how human factors can be incorporated ogy is well understood and viewed realistically.
system integration Booher (1990). Their program inte- Thecondusiondoes not reflect thelackofcapabilityofthe
grates consideration of human fictors into the many system development community, but respect for the
phases of tie acquisition process (request for proposal, magnitude of the challenge involved in implementing
proposal, iward, design, implementation, test, and evalu- technological solutions. It is the complexity oftechnology
ation.) Consideration of human factors is a primary that warrants caution in promoting it as a near term
componen, in the award of contracts. For example, a solution. It is recognized that technology will be impor-
soldier's lack of skills can not be faulted for system failure rant for longterm competitiveness, however, implement-
durin-, test and evaluation. Designers are aware of the ingtechnologyisalong, expensive, andlargdyexperimental
soldier's skills during the entire design process, thus there process.
". no room for this ustification. The initial apprehension The mission ofmaintenanceorganizarions should remain
of contractors about a heavy focus on human fctors is maintenancergadizataons should remain
usually diminished by the end of the process, and the maintenance, and managers should not be lured by theresults have been excellent. For example, the tools r- seemingexdtementofimplementingsystemsat the lead-
quredulto maventeen onetype Fofrnexample wa etools rede f ing edge oftechnology. No one expectsa better version of
quired to maintain one type of engine was reduced from humans to be available in the near future, and advocates
140 specialized tools and fixtures to a little over a dozen of technology can always claim something new andthat can be found in most homes. wonderfil is'justaroundthecomer."However, commer-

5.6 CONCLUSION cial maintenance organizations should be pragmatic and
expect technology to be accountable in the same way

The condusion of the research is that Job Performance humansareaccountable-"whatcanyoudo for metocay?'
Aid Technology is less mature and more expensive than Organizations should takeadditional advantage ofwhat is
generally accepted. Developing applications for new known aboutachievingpeakhuman performance. Tech-
rechnologyis important in the longterm, but in the short nology is good and important, but it is not a"silver bullet".
term it should be secondary to increasing the effectiveness
ofexisting resources, in particularhuman resources. Tech- 5.7 REFERFNCES
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NO., APPUCATION FUNCTION NOTES

I Mechanical systems Data collection Automatic
2 Materials Parts delivery Electrified-monceailS3 Avionics ATE Fault isolation Automatic

4 Display Remote operation Helmet mounted
5 Avionics Training for AMT's
6 System Data Data collection Airbourne
7 Engine Built-in -test
8 Avionics Data Aquis. diag. Automatic, in-flight
9 Tracks JPA Portable expert system
10 Fleet Maintenance Analysis Quantify maintenance errors
11 Scheduling Scheduling Airline developed & automatic
12 APU Detection/Isolation, Flight-line JPA
13 Maintenance Training
14 Hardware Maintenance Expert system
15 Engines On-conditon , Airbourne system
16 Components Maintenance
17 ATE Code generation Prototype
18 Engines Diagnosis Software generated prog.
19 Engines Data extraction Vibration data
20 Electro-mechanical JPA
21 Maintenance Structure
22, Components Maintenance Microcomputer based
23 Technical Data Paper, transition to Automatic
24 Electronic Cars JPA
25 Trains JPA Portable
26 Oil Analysis Predict repair
27 Tracks Component Efficiency Comm-maint, invent& sched
28 Engines On-condition Portable
29 Avionics Diagnosis Prototype
30 . Systems Data
31 Test data collection Fault isolation In-flight & ground operations
32 Maintenance mgmt Efficiency VAX based
33 Engines On-condition Ground-based
34 Milling Oiaunosis
35 Milling Maintenance ' Telecommunications -based
36 NC emergencies Respond to On-board diagnosis
37 Autos Support maintenance On-line diagnostic tool
38 Maintenance Ops Trouble.hooting Expert-based

39 Maintenance Ops Organizational COTS equipment based
40 Design Analysis

A~pa~xSummary ofjob Pertfomiace Aid Survey
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NO. APPIUCATION FUNCTION NOTES

41 Maintenance Ops Organizational
4 2 Engines Diagnosis Knowledge-based
43 Engines Trending &
44 Components ATE45 Oil analysis Maintenance
46 Engines On condition Time & temperature
47 Battle damage Diagnosis
48 Data info IS/IS Field support CD ROM-based
49 Components Built-in-test On-board equipment
50 Flight control Diagnosis Imbedded sensors on A/C
51 APU Data
52 Hydraulics, Diagnosis AC hydraulics.
53 Gates Response Expert system
54 Engines Monitor Integrated
55 Systems Diagnosis Expert system
56 Info Info & diagnosis Portable
57 Ins Fault diagnosis Expert system
58 ATE support ATE Expert system
59 Engines, Diagnosis Integrated
60 Systems Diagnosis
61 Maintenance Technique
62 Systems Data/ analysis
63 Data Link Integration Display'based
64 Fnigines Diagnosis Uses input from TEMS &
65 Logistics Analysis Computer model
66 Engines Diagnosis Automatic, real-time
67 Flight Data Data recorder
68 Hydraulics Inspection Prototype
69 Logistics Planning
70 Trucks Info CD ROM-based
71 Engines Fault isolation On-board
72 Maintenance History
73 Avionics Troubleshoot Al-based & portable
74 Maintenance data Monitor Dat-buses
75 Maintenance -Control Part of Merlin system
76 Assess fleet Support
77 Maintenance JPA Portable
78 Maintenance Support Software-based
79 Info Info Microfiche-based
80 Info Integrate data MIS

summayAppendixSSummary ofJob Perfomance Aid Survey
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NO. APPUCATION FUNCTION NOTES

81 Maintenance Organization Part of Merlin system
82 Maintenance Training Al-based
83 Engines 'Diagnosis
84 Flight control Fault detection in-flight detection
85 Inertial Navigation Diagnosis
86 Maintenance JPA Portable
87 Parts Parts Tracking
88 Logistlcr- Decision Support Software-based
89 ATC Planning Model
90 X-ray Support PC-based
91 Components Fault diagnosis

92 ATC Remote NAS system component
93 Structures Predict &Plan Software-based
94 Engines Training
95 Flight control Intervention
96 Maintenance Training
97 Cars Diagnosis
98 Cars Diagnosis utilizes hypertext
99 Maintenance Organization Software tool
100 Satelites Decision aid Prototype
101 Structural Diagnosis On-board
102 Multipurpose Training 3D-simulation
1C3 Engines Diagnosis
104 Ensines Monitor Early application
105 Engines Diagnosis Expert system-based
106 Subsystem Training Computer-based
107 Structure Maintenance support
108 Engines Diagnosis Interface to maint. databases

Appendix
Summary ofJob Perfomance Aid Survey
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7.0 APPENDIX

1. ADE-AUTOMATIC DATA ENTRY FOR AIRCRAFT MAINTENANCE

FUNCTION Facilitate data entry

SPONSOR US Air Force

DEVELOPER Lockheed

INIIATED 1975

DESCRIPTION An automatic data entry system which encompasses all mechanical devices.
This system replaces the manuwl entry of data into the information sy-tcm.

2. AEM-AUT.TOMATED ELECTRIFIED MONORAIL

FUNCTION To deliver replacement parts used in mairtenance at high-speed.

DEVELOPER United Airlines

LIFE Present.

DESCRIPTION Electrified monorail parts delivery system moves product at high spux:1 thus
improving efficiency.

3. AFTA-AVIONIC FAULT TREE ANALYZER

FUNCTION Performs automatic testing of avionics equipment in its"operational environment

SPONSOR U.S. Navy

DEVELOPER Douglas Aircraft Company, St. Louis, Mo.

DESCRIPTION TheAvionics FaultTree Analyzer, A .-jA, isasuir-casesized microprocessor-based computer
system which performs automatic testing and fault isolation of F/A-I 8 avionic systems. It
is capable of fault analysis to ,the Shop Replaceable Assembly level. The fault isolation
programs are referred to as fault trees; analysis of these trees include analyzing, sorting,
comparing, examining, and manipulating data from thesystem being tested. The effective-
ness of this system is contingent upon the effectiveness of the avionics system built-in-test
(BIT) equipment and the knowledge and j. tactical exprtise of the fault tree designer. In
addition to the lightweight, portable computer, theAFfA requires removable magnetic tape
cassette cartridges. The system connects to the aircraft MUX BUS and aircraft power. Once
the program is initiated, the fault diagnosis is illuminated on the flat screen display. A hard
copy can be generated.

4. AGIL. EYE, and AGILE EYE PLUS-HELMET MOUNTED DISPLAY BUILT IN TEST

EQUIPMENT
FUNCTION Helmet-mounted display

SPONSOR US Air Force

DEVELOPER Kaiser Electronics

LIFE 1990
DESCRIPTION This system modifies the"Private Eye" minaturedisplay, also called Agile Eye and Agile Eye

Plus. The display is incorporated with a helmet in order tosignificantly increase a pilot's
situational awareness. It is possible using this apparatus to project television monitor
information or other computer information. The image is directed to the visor ofthc pilot's
helmet, thus keeping the information in front of his eyes at all times. It is a monocular
presentation to the pilot's dominate eye. It displays only information needed. The system
can also be tailored by the pilot. - m, d*cduttered sothat it can include only what the pilot
wants to see
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5. WCTR--AVIONICS GROUND TRAINING RIG (tRAF)

FU'NCTION To train aircraft maintenancc personnel in fault diagnosis and service of advanc,-d avionic

systems.

SPONSOR United Kingdom Royal Air Force (RAF)

DUEVELOP E-, Essams
•' I ;'*. '1985

DESCS!J P i'1N The Avionic C:oundTraining Rig, AGTR, is a maintcm <•ce trainer and simularordtsigned
ti train ground crews in advanced avionic fault diagnosis and servicing methods. The system
is ccmposed ofa life-size cock-pit and a PDP 11/55 and V.AX 11/70 computer-based system.
The ground crew can accurately diagnose ahcrew reported system deficiencies throvgn
simulated flight. This system was developed for the UK Royal Air Force, Tornado F2
interceptors.

6. AIDS--AIRBORNE INTEGRATED DATA SYSTEM

FUNCTION On-line integrated data systems for use inwork areas by technical and engineering personnel.

SPONSOR Trans World Airlines

LIFE Operational in 1986

DESCRIPTION Satisfies the need for ledicated computers for maintenance and engineering functions.. The
system uses an ARINC Communications and Reporting Systems (ACAR.") data link.

7. AIDAPS -AUTOMATIC INSPECTION DIAGNOSTIC AND PROGNOSTIC SYSTEM, also referred to
as, UH-AIDAPS TEST BED PROGRAM

1-UNCTION Engine monitoring instrument that performs automatic in-flight inspection, diagnostic and
prognostic procedures to detert mechanical malfuinctions and warn of failure-conditions.

SPONSOR US Army Aviation Systems Command, St. Louis, MO.

DEVELOFP.R Test Bed Program Developer. Hamilton Standard Analysis, Procedurci and

Trade-Off Concept Formulation Study, Computer Tabulations, Computer
Models, Computer Output Data, Northrup Corporation.

UFE 1972. Computer modelling 1972 through 1975.

DF-SCRIPTION Automatic daia-acquisition and dataanalyzer rysteres to inspect, diagnose malfunctions, and
predict failure of in.flight aircraf engines and fuel systems. AIDAPS was designed for the
US Army helicopter, UH- 1H.

8. AIMES-AVIONI'rS INTEGRATED MAINTENANCE EXPERT SYSTEM

FU`NCT11ON Monitors engine functions and performs real-time diagnostic proedurts.

DEVELOPER McDonnell Dot'glas

IJ FE Flight tested JanLary 1986

DESCRIPTION In-flight, automatic test system for use in US Army F/A. 8 1 iornet aircraft which utilizes
artificial intclligence. Data acquisition and diagnostic operations are perfirmed while the
crtaft is airborne which climina'ts the nred for maintcnance personnel to re-crcate the
conditions once on the gromnd. The knowledge of the m.chanic is codvd on the computer
in the form of operating rules.
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9. AlIMS-AUTOMATED INTELLIGENT MAINTENANCE SYSTEM

FUNCTION Portable interactive computer system used for maintenance testing and repair of US Army
vehicles.

SPONSOR US Army

DEVELOPER Analytics Corporation, King of Prussia, PA

LIFE 1987

DESCRIPTION AIMS is a portable, light-weight, expert system for use in maintenance, repair and training
arenas. It uses expert system and veice recognition technologies, and computer screen
displays of schematic diagrams and installation drawings. S -srem may also be used for

inventory tracking, parts requisition and maintenance-history records of vehicles, and
schedules. Interchangeable software will accommodate to other type vehicles including
aircraft and rotorcrafi.

10. AMES-AIRCRAFT MAINTENANCE EFFECTivENESS SIMULATION MODEL

FUNCTION Project to develop simulation of operation and maintcnance of an aircraft squadron.

SPONSOR Navy

DEVELOPER XYZYX Information Corporation. Canoga Park, California

LUFE 1977-1979.

DESCRITI'ON A computer-based program of Aircraft Maintenance Effectiveness Simulation (AMFS)
which is able to develop and test maintenance performance and operational readiness in an
aircraft squadron. This program can quantify the cost of human errors and maintenance
accuracy and its impact on other factors of maintenace (i.e., consumption ofspares, missed
gate-times, dday, aborted missions.) This information is hdpfid since human errors are
difflcdt'to meaure And evaluate since they are interactive with other types oferrors, and not
easily traced by conventional analysis.

11. AMICAL

FUNCTION Computer program to automate and perform economical scheduling cfmaintenance tas's.

SPONSOR KLM Royal Dutch Airline

LIFE 1986

DESCRIPTION Airline-dcvdoped computer program with applications for Aircraft maintenance task
scheduling, uses mini-computer based system.

1'2. APU MAID-ALDXI LIARY POWER UNIT MAINTENANCE AID and MAIDEN

FUNCIION Auxiliary Power Unit Maintenance Aid (APU MAID) software assists the flightline
technician in performing test, fault detection, fault isolation and repair of the CI 30 APU.
Software is hosed on a portable, computer called, MAIDEN, which is specifically designed
for this use.

DEVFLOPER Allied-Signal Aerrapace Co., Teterboro, NJ

1IFE 1987

DESCRII'TIGN The APU MAID is an expert system based job performance aid which uses heuristic and
logical reasoning. It was devel olvd fiir the (G130 aircraft auxiliary power unit. S)ytcm is
S designed (o be ueful on 'he maintenance flight-line in APU diagnostic, fault deection.
isolation and repair. It is usud in conjunction with a specifically designed computer, calcd
MAIDEN (MaintenanccAid Engine). The computer is light-weight. portable. and battery
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13. ASMT - AIRCRAFT SIMULATION MALNTENANCE TRAINERS

FUNCI1ON Computer driven simulator to train and certify C-17 mainte=ce personnel.

SPONSOR USAF

DEVELOPER ECC International Corporation

LUFE 1989

DESCRIPTON Air ForceAeronautical Systems Division awarded a$ I38-m illion contract for 5 C- 17Aircrafi
Simulation Maintenance Trainers. These will provide compu:er-aided instruction to the
maintenance trainee personnel. Each trainer will have twelve separate training devices that
replicate the C-17s systems.

14. ATEOPS

FUNCTION Expert systems used to direat automatic test equipment for testing ofF- I5 fighter hardware.

SPONSOR USA

UFE 1985

DESCRIFTION ATEOPS, ATEFEXPERS and ATEFATLAS are three ecpcrt systems used to control
Automatic Test Equipment (ATE) by troubleshooting the converter programmer power-
supply card on the F-15 aircraft. Each system uses a specidc knowledge base with tests
particular to the specific circuit being tested and the test requirements. Each indudcs a
constraint propagated framesystem that allows enhanced control by creatingcode in theAtlas
programming language, checking the codc for good formcontrolling theATEand changing
the test sequence a needed.

15. ASTROLOG

FUNCTION Early demonstration to integrate ground based computers and airborne data recorders for
engine maintenance.

SPONSOR American Airlines, Maintenance and Engineering Center, Tulsa. OK

LUFE 1967

DESCRIPTION Asrolog is an integrated -ystem fow engine maintenance. The engine maintenance recorder
portion of the data system consists of four major components: airborne magnetic data
recorders, conventional long distance telephone data transmission links, centralized ground
based computer complex.and computer programming which permits automatic diagnosis
of engine healdh, fault identification and measurement of the urgency of such corrective
aakxn.

16. ATE's for AI--64 HtF.ICOPTERS for use at AVIM-AVIATION INTERMEDIATE MAINTENANCE
UNITS.

FUNC(IION Automatic testing units designed to test and diagnose faults on components removed from
Army hdeicoer AH-64.

SPONSOR Army

D)FSCRIIV'ION Computer-driven automatic test equipment designed foershop use to test and diagnose faults
in l.ine Replaceable Units removed from the hdicopter.
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17. AUTOMATIC TEST PROGRAM GENERATOR (ATPG)

FUNCTION Knowledge-based interactive editor

SPONSOR Warner Robins Air Logistics Center (WRALC)

DEVLLOPER Air Force Institute of Technology, School of Engineering

LIFE 1986

DESCRIPTION A prototype knowledge-based automatic test program generator (ATPG) has been developed
which uses a specialJ language to operate automatic test equipment. The ATPG is an
interactiveeditorthatwill enable the softwareanalysttowritecods effectivdy and efficiently.
It will also aid the software devdopment process by reducing the amount of time used in
software maintenance and modification. The ATPG prototype is used in selected tests
performed on a component of the F-I 5 aircraft

18. ATSJEA III -AUTO TEST SYSTEM FOR JET ENGINE ASSEMBLIES

FUNCTION System to test overhauled engines.

SPONSOR Air Force

DEVELOPER Advanced Technology and Testing, Inc., Michigan

LIFE 1989

DESCRIPTION This system is designed to test overhauled fuel assemblies from Allison T56 turboprop
engines powering USAF C- 130K transpotrs. This product, presently in its third generation
ind udes a new software generated programmingtechniquetoperform necessary adjustment
diagnostics and prompt the operator as necessary.

19. AVID-AUTOMATIC VIBRATION DIAGNOSIS SYSTEMS

FUNCTION Vibration data extraction from gas turbine engines.

SPONSOR USAF

DEVEI.OPER Mechanical Technology, Inc., Latham, New York

LIFE 1983

DESCRIPTION Automated vibration data extraction systemwascdevdoped for jet transport overhaul centers.
AVID automates trouble shooting procedures for fully assembled gas turbine engines. High
fiequency vibration data is extracted from existing standard instrumentation and provides
input to a specializ'd symp-om/fult matrix. Malfunctions are detected and assigned to a
particular data set,with corrections detailed.

20. BRAD -BRILLIANT REUSABLE ADA DIAGNOSTICIAN (REUSED SOFTWARE)

FUNCTON To assist a novice munition maintenance technican in variouS systems and components.

SPONSOR AirForce Munitions Systems Division

LIFE 1989

DESCRIPHTON System in devdopment which intends to demonsrate the applicability of modd based
reasoning and the concept of software reuse. The goal of the work is to enable a novice
maintenance munitior,, technician to perform'fault isolation and diagnostics in electrotic,
clectro.mechanical, and mechanical faults using schematics and design data.
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21. CAD-COMPUTER AIDED DESIGN

FUNCTION To streamline aircraft maintenance and repair.

SPONSOR US Naval Aviation Depot, Cherry Point, NC

DEVELOPER McDonnell Aircraft

DESCRIPTION This system aids US Marine personnel to troubleshoot maintenance functions by having
direct access to drawings and engineering information of the builder/designer of the AV-8B
Harrierll short take-off and vertical landing aircraft. Computer drawings and data for
structural repairs are updated every three months, as is stress analyses and wiring diagrams.

22. CADS--COMPUTER AIDED DIAGNOSTIC SYSTEM

FUNCTION Demonstration of diagnostic system application to the H-34 helicopter.

SPONSOR US Navy

DEVELOPER Naval Postgraduate School, Monterey, California

U1FE 1987

DESCRIPTION Prototype to demon.trate feasibility of applying expert systems technology to the H-46
helicopter maintenance process. This is known as a micro computer based prototype called
CADS, Computer Aided Diagnostic System. The compl,.iry of the helicopter system
diagnosis, inadequacies of the maintenance manuals often result in unnecessary removal of
system components. Thediagnosticsystem forthe H-34 is proposed to add a comprehensive,
stable knowledge base not dependent upon particular personnel for capable repair.

23. CALS-COMPUTER ACQUISITION AND LOGISTIC SUPPORT

FUNCTION DOD ani ir-dustry strategy for the transition from paper-intensive acquisition
and logistic processes to a highiy automated and integrated mode of operation
for the weapon systems of the 90's.

SPONSOR US Department of Defense and Industry

DEVELOPER US Department of Defense

LIFE In September 1985, Deputy Secretary of Defense approved recommendations ofa DOD-
industrytask forceon CALS. MIL-M-28001 was published Februaryl 988. In August, 1988,
another memorandum was issued stating that major steps had been taken towards routine
contractual implementation ofCALS through out DOD and industry. The memorandum
upheld the issuance ofstandardis fordigital datadeliveryand required technical data in digital
form for weapons systems in development in FY 1989 and beyond.

DESCRIPTION CALS addresss the generation, access, management, maintenance, distribution and use of
technical data associated with weapon systems. This includes engineering drawings, product
definition, and logistic support analysis datam technical manuals, training materials, technical
plans and reports, and operational feedback data. The CALS system will facilitate data
exchange and access, and reduce duplication of the data preparation effort. Additionally,
CALS provides the framework for integration of other automation systems within DOD.
The cornerstone standArd for the interchange of textual technical in formation is MIL-M-
28001.
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24. CAMS--COMPUTERIZED AUTOMOTIVE MAINTENANCE SYSTEM

FUNCTION Automotive diagnostic system which can interface with a remote mainframe computer.

SPONSOR Commercial

DEVELOPER General Motors, Buick Division

LIFE 1987

DESCRIPTION A computer with diagnostic capability usingthe carcomputer, built-in sensors, and circuits.
The system can retrieve and store a portion of data so that in termittent problems may be
analyzed, sometimes with the aid of a small portable monitor hook-up. This system can
interfaLe with the Buick mainframe in Michigan by telephone hook-up, if required.

Locally, the CAMS machine consists of a touch screen command system, so that it may be
used by persons without computer background. Buick claims that 48% of cars repaired
without the system would return for the same type of repair; with the CAMS system, Buick
daims that this was reduce to 8%, since the machine is particularly successful wth small
circuit analysis. Thissystem is similarto Ford MotorOASISsystem, and will soon be followed
by Chevrolet, Pontiac, and GMC, and Oldsmobile. It is noted that maintenance personnel
were at first reluctant to use the machine because it did not have a manual operation mode;,
the maintainers wanted to assert control. Its use became more widespread as the manual
mode was introduced.

25. CATS- I

FUNCTION A portable computerized troubleshooting system developed for large locomotive repair.

SPONSOR Commercial.

DEVELOPER General Electric Research and Development Center

LIFE Current

DESCRIPTION This electrical and mechanical diagnostic system uses expert systems technology combined
with portable computers for use on the maintenance floor. The system initiates diagnostic
technique by supplying a menu of possible symptoms and then prompts a series of detailed
queries. At appropriate point in the interaction, the user may call up from the computer
memory, displays and drawings, photos or movies of the locomotives various components,
locations and functions. As malfunctions are determined, repair intrmctions are provided
on the video screen.

This system uses a standard 16-bit microcomputer for information processing, additional
memory for storing expert knowledge, a CRT, a printer, a video disc player and monitor for
demonstration of repair procedures.

CAT-I 'is currendy in use at GE locomotive repair facilities nationwide.

26. CCP--CONTAMINATION CONTROL PROGRAM

FUNCTION To reduce unnecessary maintenance and heavy-equipment downtime through progressive
analysis of various non-engine lubrication and maintenance schedules.

SPONSOR Mobil Oil

DESCRIPTION Samples of engine lubrications are mailed to Mobil's Kansas City Laboratory and analyzed
for levels of oxidation and sludge, viscosity, fuel dilution, dirt and glycol, water and wear
metals. Lubricants are not changed until contaminated which also indicate the presence of
or incipient maintenance actions.
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27. CCS--COMPONENT CONTROL SYSTEM

FUNCTION To improve communication between aviation maintenance, inventory and scheduling
departments without increasing data entry time.

DEVELOPER USAir

LIFE 1986.

DESCRIPTION The Component Control System, part of the USAir publicly marketed Merlin System, is
used for time control processing, removal/installaion and history processing for compo-
nents, major assembly processing ofsubassemblies and forecasting removal requirements.

28. CEMS WV--COMPREHENSIVE ENGINE MANAGEMENT SYSTEM incremnt IV

FUNCTION To support the on-condition maintenance philosophy, combined with portable decision
support devices using diagnostics and trending analyses.

SPONSOR Air Force

DEVELOPER Systems Control Technology, Inc., Palo Alto CA

LIFE 1988

DESCRIPTION A fielded expert system automates equipment for fault isolation, diagnosis, and trend
analysis, a.A recommends corrective maintenance action. Thisprogram is the standard to
the Air Force base levd maintenance. CEMS IV will be enhanced and filded under the
umbrella of Core Automated Maintenance System.

29. CEPS - CITS EXPERT PARAMETER SYSTEM

FUNCTION Maintenance diagnostic system

SPONSOR Air Force

DEVELOPER Boeing Military Airplane Development

LIFE 1987

DESCRIPTION CEPS couples expert system technology and conventional programming with a large data
base to provide a system which will assist maintenance diagnostics. This system incorporates
avionics design knowledge, avionics maintenance expertise, and statistical analysis of past
and present failure indicators to improve fault detection and isolation. A prototype is under
development for the B-IB. ,I

30. CITEPS -CENTRAL INTE1 TRATED TEST - EXPERT PARAMETER SYSTE'

FUNCTION System to utilize monitoring systems and built-in test systems on the BI-B to perform fault
solation.

SPONSOR US Air Force

DEVELOPER Wright Patterson' Aeronautical Laboratory.

DESCRIPTION This system 'is built upon previous technological systems developed for Air Force mainte-
nance procedures, such as the Central Integrated Test and Comprehensive Engine
MonitoringSystem. Thissystcm receivescdata fiom theseoth,-rsystems andcombines itwith
expert technology derived directly from the experience of mechanics. It enables a less
experienced mechanic to perform advanced diagnostic analysis and maintains a highcr
production standard.
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31. CITS - CENTRAL INTEGRATED TEST SYSTEM

FUNCTION On-board central diagnostic system developed for the B I-P. aircrafrt

SPONSOR USAF

DEVELOPER Rockwell International Corporation, Los Angeles, California.

LIFE 1981

DESCRIPTION The b,-B Central Integrated Test System (CITS) is the on-board test system for the B I-B
aircraft and the avionics subs)vsems. The CITSoperates continuously and automatically in
flight and on the ground to display performance and faults to the aircrew. It records
approximately 19,600 parameters. Failed modes ofoperation aredctectod/recordxd on all
subsystems and faults are isolated to the line-replaceable-unit (LRLT1 leveL l'hree snapshots
of all CITS data parameters is recorded on magnetic tape for mainteance troubleshooting.
The CMTS performs pre-flight and postflight tests 2utomati -dly. Reverification of systems
-n ground readiness tests are conducted on individually selected subsystems at the opera-
tors' request. This system was first developed for the Bl-A aircraft, and refined for the BI-
B aircraft.

32. CMS-COMPUTERIZED MAINTENANCE SYSTEM

FUNCTION Serving 26 US Coast Guard airstations and repair and supply facilities in the United States
and Puerto Rico.

SPONSOR US Coast Guard.

LIFE 1988

DESCRIPTION The Computerized Maintenance System uses a relational dztabase running on a Digital
Equipmeit Corporation VAX 8530. Real-time information is provided on the status of
more than 200 aircraft, in addition to the identification of trends and problems. It is used
for assistance in troubleshooting, system reliability analysis the recording and reporting of
aircraft data and the maintenance of records on airframes and components. The system
functions by users entering data into a commercial off the shelf terminal which is then
transmitted via telenet to the VAX 8530 located ar Tamsco. Data integrity is maintained by
a data entry system that automatically provides validation and cross checking.

33. COMPASS - CONDITION MONITORING AND PERFORMANCEANALYSIS HOST SOFTWARE
SYSTEM

Ft NCTION This is a ground-based engine monitoring program for general application to engines in
service after 1989, which integrates other engine monitors. This product is -ivailable from
third party vendors to respect the proprietary information required to implement the
software.

DE),rELOPER. Rolls Royce

LIFE Developed for use on new engine types entering servicein 1989.

DESCRIPTION Maintenance functions, induding reduced cost of operation, ircreased utilization of
resources, improved procedures and increased visibility of engine and fleet condition are all
more efficient due to built-in'instrumentation to monitorperformanceoftheunit, and more
sopl- isticated computer system capabilities on the ground. The system supplies trend and
operational monitoring information from four main areas (on-wing, ground, test cell, and
maintenance action data) to a ground b,-'s, thus enabling early warning and maintenance
decision and scheduling functions to be determined ahead ofcordition failure. Information
regarding the opemtional parameters of the host engines and users must be fed into the
system.
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34. DC-9 REFRIGERATION SYSTEM DIAGNOSIS

FUNCTION Early method of compute; diagnosis in aircraft maintenance

DEVELOPER Eastern Airlines, Inc., Miami, Florida

LIFE 1973 PA, 1973.

DESCRIPTION A early method of instantaneous diagnostics DC-9-30 refrigeration systems using readily
obtainable data, suitable algorithms of component performance comparing performance to
performance standard. Variable conditions are factored in such as hot day conditions, and
effxts of preventative maintenance procedures.

35. DCS-DIGITAL CONTROL SYSTEM

FUNCTION Telecbmmunications-based diagnostic and support system

DEVELOPER Kearney & Trecker, Milwaukee, WI

DESCRIPTION The DCS Analyst is a telecommunications-based diagnostic and support tool available to
users of Gemini controls. This indudes cquipmcnt manufactured by Kearney & Trecker,
Cross, Swasey, Warner for milling, boring, and machining equipment and lathes.

Used in conjunction with a modem, communication may be established to DCS analysts at
the firms' headquarters in M ilwaukee, and any Gemi ni-controlled machine, and thus control
or monitor any machine function. The control system can set, alter, program software
uploaded/downloaded, condition of the machine checked, and maintenance levels estab-
lished.

Support is established by using the particular units' own service history as well as the history
of other machines stored in the DCS database. The users computer may be interrogated and
control may be bypassed to test sections of the control individually. In addition, a specific
makhine will be analyzed for its' own fingerprint, which will enable the customer to develop
an appropriate preventative maintenance program.

36. DECISION SUPPORT SYSTEM FOR DIAGNOSIS OFA/C EMERGENCIES

FUNCTION System' deigned to show the feasibility of expert systems technology utilizing existing on-
board sensors to aid diagnosis of single and compound emergencies.

SPONSOR US Navy

DEVELOPER Naval Postgraduate School, Monterey, California

LIFE 1986

DESCRIPTION This system was developed to demonstrate the feasibility of using on- sensors, specific
knowledge bases with personal computer implementation, to assist d e airraft crew to
respond to single and compound emergencies. The platform for the demonstration was the
AH-I-Tattack helicopter. This syst•m quantifies the informatioti tnd resp odent knowledge
roqu ied to define emergencies.

37. DIAGNOSTIC DATA RECORDER

FUNCTION. On.line computerized diagnostic tool used in the automotive industry.

SPONSOR General Motors -Buick

DESCRIPTION An on-line diagnostic tool instaled on certain cars. This system records various indicators
of 26 engine functions. When the auto is referred for service of a int ermittent or other
problem, the data recorder may be hooked up by modem to enable e data log to be
examined, compared tohcuristicdataand fault diagnosed. Such itet .sase ginetemperature,
02 sensor, timing, and air-fuel mix control, are checked.
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38. DIAGNOSTIC EXPERT SYSTEM FOR AIRCRAFT GENERATOR CONTROL UNIT

FUNCTION A generic, diagnostic expert system for generator control units.

DEVELOPER Westinghouse Electric Corporation, Lima, OH

LIFE 1988

DESCRIPTION This system may be applied to different devices. Modularvariable-speed/constant frequency
generators families are organized bystandard modules to enableexpert system technology to
be applied. A general diagnostic expert shell is developed that will guide troubleshooting
procedures ofmodules and line-replaceable units. System is applied to the generator control
unit and may be applied to other types of units by incorporating device-specific rules from
expert personnel.

39. DMMIS-DEPOT MAINTENANCE MANAGEMENT INFORMATION SYSTEMS

FUNCTION To improve Air Force maintenance depot planning and control functions.

SPONSOR US Air Force, Wright Patterson AFB, OH

DEVELOPER Grumman Data Systems, Grumman Aerospace Corporation

LIFE 1988, still in development

DESCRIPTION This Grumman product will support Air Force maintenance depots engines, all types of
aircraft, cargo, instruments, avionics, landing gear and accessories, and communication
systems. It endeavors to improve planning and control functions of scheduling, workload
planning, inventory control, productivity and planning and operational readiness. In
addition, it will provide on-line data access and user interaction.

The DMMIS system is software intensive using commercial off-the-shelfsoftware manage-
ment systems to replace a existing 1500 computer programs. It will cluster all systems of
management (material requirements, work order generation, iogistics, budgeting, time and
attendance, job cost, quality management, etc.) to reduce repetitive data entry and systems,
increase amounts and variety of available information.

40. DODT-DESIGN OPTION DECISION TREE

FUNCTION A method for systematic analysis of design problems and integration of human

=ctors data.

SPONSOR US Air Force AFHRL, Brooks Air Force BAse, TA.

DEVELOPER Systems Research Laboratories, Dayton, O-.

LIFE 1974.

DESCRIPTION This method is represented by a schematic format termed the Designi Option Decision Tree.
It displays the various design options available at each decision point in the design p.ocess.
Note that this system is not only applicable to aircraft systems, 'although the system is
modelled on aircraft design problems. The userspecifies design goals, and amongthevarious'
design parameters are human factors considerations.
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41. EASTERN AIRLINES COMPUTER SYSTEM

FUNCTION Maintenance planning and scheduling

DEVELOPER Eastern Airlines

DESCRIPTION Use of a combination of mini and main frame computers have improved

Eastern's productivity and costs, allowing a reduction of th.-ee aircraft assigned to periodic
service. This system was particularly useful when the'company had a known parts shortage-
so that unnecessarily assigning the wrong aircraft this part wouldcause cancelled flights.

Computer information is transferred directly to the shop floor, and in bases where the
maintenance operations do not have adesignated computer, information may be sent via the
computers used at ramp and customer service deoartments.

Capacity planning chores are also performed. Management can calculate the effects of line
slippage, schedule constraints and workload/manpower planning, as well as modificaticn
impact assessment.

This computer system follows the recommendations of the AT1, which specified that
maintenance and engineering must havededicated computers ane. stffsing fiully integrated
systems available at the work areas using on-line data systems,

42. ED/CEMS ENGINE DIAGNOSTICS/COMPREHENSIVE ENGINE MGMT SYSTEM IV

FUNCTION Platform used for applications such as XMAN, used in jet engine dianostics to support on-
condition maint..iance philosophy.

DEVELOPER Systems Control Technology, Palo Alto, California

LIFE 1986.

DESCRIPTION An expert system that automates equipment used for diagnosis of anomalies in engine
operations based upon prescriptive parameters. Fault diagrosis, trend analysis and recom-
mended corrective actions are features of this system. This system is a knowledge-based
system composed of three modular software element: a knowledge base, a data base, and a
control system.

43. EDS (ENGINE DIAGNOSTIC STS) FLT EVALUATION AIR FORCE

FUNCTION Engine diagnostics and trend monitoring

SPONSOR Air Force Aero-Propulion Laboratory, Wright-Patterson AF3, OH.

DEVELOPER McDonndl Aircrafi Co.

DESCRIPTION In the F! 5/F100 Engine Diagnostic System Flight Evaluation, data was collected to verify
gas turbine engine fault detection/isolation and health trending algorithm employing gas
path analysis.

44. ELATS-EXPANDED LITITON AUTOMATED TEST SET

FUNCTION Automated test systems for various flight functions.

DEVELOPER Litton Systems Canada

DESCRIPTION The Expanded Litton Automated Tes, Set is a comprehensive automated test system for
radar, communications, microwave, electronic warfare systems and advanced depot-level
support maintenance. It is designed as an inexpensive means for intermediateand depot-level
support maintenance, combining existing instrumentation with a general design approach.
The RF-ELATS can automatically simulate a variety ofscenarios. modulation and noise and
diagnose faults on the weapons replaceable assemblies.,It also has built-in test routines and
transfer standards and test subroutines.
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45. EM/PA--MOBIL OIL ENGINE MAINTENANCE THROUGH PROGRESSIVE ANALYSIS

FUNCTION To reduce unnecessary maintenance and heavy-equipment downtime through progressive
analysis of engine oiL and maintenance schedules.

DEVELOPER Mobil Oil

DESCRIPT1ON Samples of engine lubrications are mailed to Mobil's Kansas City Laboratory and analyzed
for levels of oxidation and sludge, viscosity, fuel dilution, dirt and glycol, water and wear
metals. Lubricants are not changed until contaminated which also indicate the presence of
or incipient maintenance actions.

46. ETR ENGINE TIME TRACKING RECORDER

FUNCTION Part of larger system that monitors time and temperature ofengine operation.

SPONSOR Air Force

DiVELOPER General Electric Co., Aircraft Engine Business Group, Lynn, MA.

LIFE 197c.

DFSCRIPTION This system is one component of the Parts Life Tracking System is. an engine time-
temperature recorder system. Based on the on-condition maintenance, the recorder
monitors operations and compares it to a set of designated parameters of satisfactory
operation. The Parts Life Tracking System manages the TF34-100 engine in'USAF/AI 0
aircraft.

47. EXPERT SYSTEM FOR MAINTENANCE DIAGNOSIS

FUNCTION Self repair of digital control systems.

SPONSOR US Air Force, Air Force Flight Dynamics Laboratory, Wright Pattersor AFB,

Ohio

LIFE 1983.

DESCRIPTION Using statistics collected from battle damaged repair history, i.e., from Southeast Asia,
Falkland Islands, and Israeli data, the self-repairing concept was explored toward develop-
ment of the diagnostic data/expert knowledge systems for maintenance diagnosis.

48. FAMIS - FIELD ASSET MANAGEMENT & INFORMATION SYSTEM

FUNCTION CD-ROM based information retrieval system

DEVELOPER Image Storage/Retrie-al Systems IS/RS

LIFE 1989

DESCRIPTION' FAMIS is a field support tool for the gas, electric telecommunications and nudear utility
industry. Data is stored on CDs and enables field support personnel to access information
such as maps, manuals, work orders and bulletirs. It also collects data from the field for
transfer to the home office via floppy disk or through the built-in modem.
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49. FAULT ISOlATION-BITE

FUNCTION Next generation of built-in test equipment.

SPONSOR US Air Force

DEVELOPER Boeing Commercial Airplane Company, Seattle

LIFE 1982

DESCRIPTION Built-in test equipment developed for the Boeing 757 and 767 aircraft allows faults to be
detected to the line replaceable unit level of maintenance. This extension to beginning fault
isolation test equipment is designed for the mechanic's needs, as opposed to the engineer's.
Intermittent faults will be detected. This is expected to lead to greater maintenance bay
produciivity, improved schedule reliability and decreased maintenance cost.

50. FCMDS-FLIGHT CONTROL MAINTENANCE DIAGNOSTIC SYSTEM

FUNCTION Diagnostic system for maintenance of flight control systems.

SPONSOR US Air Force, Wright Patterson Aeronautical Laboratories, Wright-Patteron AFB, Ohio

DEVELOPER Honeywell Systems and Research Center, Minneapolis, MN

LIFE 1988

DESCRIPTION Determination of maintenance diagnostic approaches has led to the development of flight
control system diagnostics which will enhance the organizational-level technicians.,
Maintenance productivity improves as shop reliability and work load scheduling are able to
improve. The system is composed oftwo parts: imbedded diagnostic sensors on the aircrat,,
and a computerized ground base system to extrapolate and test on-board generated data.

51. FLIGHT DATA RECORDING SYSTEM TECHNOLOGY-FAULT TOLERANT

MULTIPROCESSOR FOR AIRCRAFT SYSTEMS

FUNCTION Computer architecture

LIFE 1988

DESCRIPTION FTMP, Fault Tolerant Multiprocessor is a digital computer architecture evolved over t ten
year period. Its application to several life-critical aerospace sysems, notably, as the fault
tolerant central computer for civil air transport applications.' The design is based upon
independent processor-cache memory modules and common memory modules which
communicate via, redundant serial buses., All information processing and transmission is
conducted in triplicate so that local voters in each module can correct errors. Modules can
be mired and/or reassigned in any configurations. Reconfiguration is carried out routinely
from second to second io search for latent faults in the voting and reconfiguration elements.
Job assignments areall madeon afloatingbasis, sothat any processor triad iseligibletoexecute
any job step. The core softwa-e in the FTMP will handle all fault detection, diagnosis, and
recovery in such a way that applications program do not need to'be involved.
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52. FUZZY DIAGNOSTICS

FUNCTION System to assist diagnosis of faults difficult to describe in aircr.<:7 :lraulic systems.

SPONSOR Peoples Republic of China

LIFE 1986

DESCRIPTION Aircraft hydraulics systems, the drive systems which control attitude, extension and retraction
0flanding gear, and wing flaps, are composed of many pars. These are complex systems and
often give rise to puzzling faults that are difficult to reenact and 'difficult to describe. The
applications of computers in fault diagnosis can increase precision and speed so as to
conveniently --amy the prerequisites which create the fault. ThC causes of system faults and
the appearance of symptoms have a random or fuzzy nature. This system takes natural
language and transforms it into machine language and crystallize human experience to
simulate a fuzzy inference system. The characteristic natureofthesystem is first to select from
events aset ofsymptoms and causes ofmociel fault events and store them in acomputer. Then
during diagnosis a symptom is matched to a known fault to determine cause.

53. GATEKEEPER (PROGRAM), TEXAS AIR

FUNCTION Helps airline managers coordinate and maintain gate schedules in response to changing flight
schedules, aircraft routings, weather and airport conditions.

SPONSOR Texas Air

DEVELOPER Texas Air System One, Houston, TX

LIFE 1989

DESCRIPTION This is a VAX-based expert system designed to alleviate effects o', and -•uses of, airport
congestion. This is an intdligenit, LISP-based distributedsystem thatis operated on a UNIX-
basedworkstation in theX-windows environment. It isconnected via Ethemetro a relational
database management system from Oracle on a VAX or 30386 database server.

GateKeeper coordinates flight operations and gate assignments in such locations as Conti-
nental (Houston, Newark and Denver), and Eastern(Miami). It is currently being mar-
keted world-wide. The objectiveofthe program isto improveefficiencyand reduceoperating
costs. It uses artificial intelligence and incorporates four types of in formation: monthly and
up-to-the-minute flight schedules, rouiting of aircraft for mainten.ance, flight information
from each airline, and passeng.nr information. The system is fiult tolerant with !riple
redundancy and designed to reduce an airline's dependence on mainframe networks.

The system has predictive capability and may therefore avert potentWil crises by showing a
manager the consequences of certain assignments.

54. IEIS - INTEGRATED ENGINE INSTRUMENT SYSTEM

FUNCTION Computer driven display and processing instrumentation system used to monitoi aircraft
engine conditions.

SPONSOR Naval Air Development Center, Warminster, PA.

DEVELOPER GE, Wilmington Mass Aerospace Instruments

LIFE 1973

'DESCRIPTION The Integrated Engine Instrument System (IEIS) is primarily concerned with the monitor-
ing of aircrart engine conditions in rcsponse to the needs of flightcrews and maintenance
personnel.
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55. IFL--INTFILIGENT FAULT LOCATOR

FUNC IION Designed to diagnose problems with the AH-64A. Attacl Helicoptcrs.

SPONSOR US Army

DEVELOPER McDonndl Douglas Hdicopter Co.

LIFE 1988

DESCRIPTION US Army's expert system used on the AH-64A helicopter diagnosed faults on four of the
eighteen systems with 96.3% accuracy, and reduced by half thetime required to locate faults.'
The system was devdoped on a Texas Instruments Explorer'symbolic processing worksta-
tion.

56. IMIS - INTEGRATED MAINTENANCE INFORMATION SYSTEM

FUNCTION Integrates technical data collected from several sources and ddivers that information in a
practical form to the flight-line mainten.ncetechnician performing fault isolation procedures
in a convenient and portable mode.

SPONSOR US Air Force Human Resources Laboratory

LIFE 1982, ongoing

DFSC.' AIPTION It uses a hand-held rugged computer for use during diagnostic nr.intenance, an aircraft
maintenance panel connected to on-board computers and sensors, a maintenance worksta-
tion connected to various ground based computers systems, and sophisticated integration
software which combines information from these various sources and presents data and
conclusions to tIe maintenance technician in a consistent and practical manner. Function-
ally. this system includes technical data, training, diagnostics, manage.nent, scheduling and
historical data bases, and transmits such data to the flight-line.

This system is consistent with technologies developed as Core Automated Maintenance
System (CAM), Automated Technical Order System (ATMOS) Phase IV, Integrated
Turbine Engirx System (ITEMS) and'a variety of Automatic Tst ]Equipment.

57. INS-FAAMS---INERTIAL NAVIGATION SYSTEM

FUNCT'ION I ncriaJ system fault analysis and management system te enhance US Army avionics.
SPONSOR 'US Army

DEVFLOPER McDonnell Aircraft Company, St. loAui% Mo.

LIFE 1984

DESCRIIYI*ION The purposccof the Inertial Navigation System-Fault Analysis and Managrment System is
to implement artificial intdligence in fighteraircraft avionics. "Ihis has theeffectofcnhancing
the availability to mission and accuracy of the inertial navigation system. Inertial Navigation
Syaem failure are often diffxiult to isolate because the are related to incorrect procedures or.
non-repeatable condition. :lhe expert system identifies failures through the analysis of key
failure paths, field maintenance data. and simulation testing of various mission profiles'. •he
system is based upon blackboard architecture and has three divisions: current hypothesis and
permanent knowledge, knowledge sourcedemons searching for an antecedent to he true, and
a priority based scheduler.
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58. IN-ATE - INTELLIGENT AUTOMATIC TEST EQUIPMENT

FUNCTION A fault diagnosis expert system environment.

DEVELOPER Automated Reasoning Corp. New York

UFE 1987

DESCRIPTION IN-ATE is a fault diagnosis expert system software environment that is designed to reduce
test-program devdopment-time and test program run-time.

59. INTEGRATED TURBINE ENGINE MONITORING SYSTEM

FUNCTION Complex engine diagnostic system.

SPONSOR US Air Force Wright Partemon Aeronautical Systems Division

LIFE 1986

DESCRIPTION Succesor to theTurbine Engine Monitoring System, usedon theTF34 and the F-I 5 Engine
DiagnostKis System, and the T-38 trainer Engine Health Monitoring System.

60. INTERFACE II - ADVANCED DIAGNOSTIC SOFTWARE

FUNCTION Software appends software capabilities of various systems.

SPONSOR US Air Force.

DEVELOPER General Elecmic Co., Cincinnati, Oh.

LIFE 1988

DESCRIPTION Interface II i a system of'software designed to enable other systems to extnd capability into
newdomains. An example ofthis system isJET-X, asystem developed to coordinateTurbine
Engine Monitoring Systems and Comprehensive Engine Monitoring Sysrcms (TIMS and
CEMS, respetivdy) to extend its diagnostic and troubleshooting capabilities and to allow
use of the machine for training purposes.

61. IR kN-INSPECT AND REPAIR AS NECESSARY

FUTNCTION Maintenance philosophy and management framework.

SPONSOR US Army

DLVELOPFR Rand Corporation

, ESCRIPTION The Inspect and Repair as Ncm sat) concept demonstrated in the early phases ofcomput-
erized maintenance planning ai aircrafi inspection capabilities. The system was demon-
strated on the F-i 06 aircraft, a performance effects ofthe program were measured on the
ADC.M 66-28 parameters. The system was shown to have ambivalent effect- aircraft was
neither received in a state of ity, and procedures did not augment its reliability or in-
serVIce time.

62. INTEGRATED TESTING AND MAINTENANC: TECHNOLOGIES

FUNCTION To receive and extract fiom dack information required to troubleshoot interactive aircraft
sysems.

SPONSOR Air Force, Wright Patterson Air Force Base, Ohio

D E-VEI.OP ER Boeing Aerospace, Seattle, Wast ington

LIFE 1988

DF.S(:RJIIHON T"chnoloy which will enable cxodination of various on-board and ground support
systems. "lle multitude ofsystccn covered paniallyorentirly by particular avionics leads to
a vast amomnt of rqep'cation of ,nxresing and uofware unlcs integratetd. Maintcenaice
ground support diagnoisis also er tails replication.
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63. IUSM - INTEGRATED UTILITIES SYSTEM MANAGEMENT SYSTEM

FUNC=ION Integrates aircraft utility systems onto a common data bus.

SPONSOR US military

DEVELOPER Smiths Industries

LIFE 1986

DESCRIVI1ON The ISUM was developed on the Experimental Aircraft Program(EAP). The system
combines the fuel management, hydraulics, engine control, and environmental control
systems onto a common military standard data link This system reduces system complexity
van also provides a method bywhich a CRT display could be integrated, thus giving the pilot
quick acces to data via soft keys or menus. The system can be configured so that any
parameter which is out of tolerance is displayed as it arises. One of the main advantages of
this system is a weight savings of 50% and volume savings of 25% when compared to other
systems. This in turn ases maintenance.

64. JET-X

FUNCTION Expert system works interactively with other sys-,ems.

SPONSOR US Air Force

DEVELOPER General Electric Co., Cincinnati, OH

LIFE 1988

DESCRIPTION Jet-X is a knowledge based expert system used to diagnose and aid maintenance of the TF-
34 jet engines installed on the USAF A- I OA aircraft/This system uses input from theTurbine
Engine Monitoring System (TE'MS) installed on the airplane, and combines it with
information retrieved from the CEMS (Comprehensive Engine Management System)
database that is part of the computer ground support system. This combination generates
alarrnswhich activates the) ET-Xanalyses. Troubleshooting procedures are imbedded in the
system for each type of alarm. In addition, "help" will assist the inexperienced technician so
that it may be used both as a flight line tool and a training tool.

65. LAMP-LOGISTICS ASSESSMENT METHODOLOGY PROTOTYPE

FUNCTION Computer model developed to assess techndogy effects ofadvancod USAF aircraft support-
ability and logistics requirements.

SPONSOR USAir Force Integrated Logistics Technology Office

DEVELOPER Dynamics Research Corporation

LUFE First analysis performed in June 1986 investigated an advanced self-repairing flight control
system. In August, 1986, the system demonstrated the effccu of the incorporation of a
particular radar system in an advanced aircraft.

DESCRIPTION This computer model is designed on the premise that supportability of an item (such as
advanced fighters) is as important as such factors as cost, performance and schedule.
Embedded in'the LAM Psoftware are wtiodels forcost, manpower, so.tie generation and airlift
support models. The USAF F-16 data is used as the reference system. The lAMP system
runs on the logistics assessment workstation ([AWS).
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66. LEADER

FUNCTION Auromati,, real-time diagnostic system

DEVELOPER Textron Lycomiing

LIFE 1988

DESCRIFFION LEADER is an exrt- system that supports acceptance testing functions of gas turbine
engines. Thesystem aids in problem diagnosis by automatically analyzing engine parameters
for fault identification. It models the reasoning of an experienced engineer for a specific
steady-state treting procedure with several hundred rules.

67. LEADS 200

FUNCTION Flight data recording system

DEVELOPER Technische Hochsdule, Aachen Instrumentation forJet Propulsion and Turbomachinery.

LIFE 1983

DESCRIPTION The LEADS 200 flight data recording system was introduced into a FI04G wing of the
German Air Force in order to monitor aircraft and engine maintenance. The main so ftware
routines in the system for engine data performance monitoring and fault diagnosis. 4

68. LIPS - LIST PROCESSING LANGUAGE

FUNCTION Prototype Maintenance Expert System for the CH-47 Flight Control Hydralic System.

SPONSOR U.S. Army Research Office Dept. of Mechanical and Aerospace Engineering

LIFE 1986

DESCRIP'TON list Processing Language, or, IJPS, is a crmputer language used to facilitare data processing
during the hydraulic flight control system inspection of Boeing CH-47 helicopters.

69. MACPL /N-M ILITARY AIRL1FT COMMAND PLAN

FUNCTION logistics support

SPONSOR US Air Force Military Airlift Command, Wright Air Force Base

LIFE 1989

DESCRIPTION This plan was devdoped with cost-contai.nment specifically in mind.. t is desig.-ed to help
the Military Aidifi Command move large cargo quantities between the US and overseas
bases. Fators. ndcude types ofavad able aircraft, numbersofflights, routes, refuelingand other
adverse contingencies. Possible extrapolation to the commercial aviation field as logistics
support for pars and repl.,cement kit movement for all types service business.

70. MACSPEC PGW - PORTABLE GRAPHICS WORKSTATION

FUNCTION CD-ROM based catalog.

DEVELOPER Image Storage/Retrieval Systems IS/RS

IFE 1989

DESCRIPIHON PGW is a CD-ROM based system that is tued by Mack'lrucks and theirdealers to store their
parts catalogs on CD-ROM. The system was to help the dealer find an specific part in less
time. It was designed with a touch-sensitive screen, packaged for a hostile environment,
portability for uscon the road, and expandabii ity for enhancements such as ;nventory control.
"[he system contained images and text.
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71. MADARS-MALFUNCTION DETECTION ANALYSIS AND RECORDING SYSTEM

FUNCTION To provide engine analysis.

SPONSOR US Air Force, Wright Patterson AFB, Ohio

DEVELOPER Lodcdhed-Georgia, Marietta, Georgia

DESCRIPTION C5A malfunction detection analysis anci rcruiding system for on-board flight isolation of
several functioras including engines.

72. MACH-MAINTLNANCE ACTIVrTY COMMUNICATIONS HISTORY

FUNCTION To minimize aircraft maintenance downtime and improve communications between
maintenance, scheduling, and inventory without increasing data entry time.

SPONSOR USAir, Pittsburgh, PA.

DEVELOPER The Maintenance Activity Communications History system L used for aircraft history
reporting and data collection, aircraft reliability reporting and control, and an interface for
line planning functions. It also functions as acommuncations network for maintenance and
engineering. The system is an adjunct to the existing Merlin system,

73. MAINTENANCE ANALYST

FUNCTION System which uses Artificiai Intelligence to troubleshoot an avionics subsystem on Sikorsky
Blackhawk helicopters.

SPONSOR US/ARMY

1IFE 1986

DESCRIPTION The Maintenance Analyst is a portable real-time consultant for field-level troubleshooting
the SAS- I avionics subsystem aboard the Sikorsky Blackhawk helicopter. This system runs
on IBM compatible computers in LISP (at artificial intelligent programming language) and
is designed to reduce the time required to troubleshoot the system under test.

74. MAINTENANCE DATA BUS MONITOR AND RECORDER (M.LrSTD-1 553b)

FUNCTION Tochnologydfdata transmission which enables continuous data flow from a monitor system
to the receiving recorder system.

SPONSOR National Aeronautics and Space Administration, Washington

DEVELOPER Normalair-Garrat Ltd.. Yeovil, England

DESCRIPTION The use ofdata buses for communication creates the need for the monitoring and collection
of data for a variety of purposes induding trend data for analysis of databus or subsystem,
pahfimancei as well as diagnostic data relating to continuous or intermittent failures. The
technology also created the need for data monitoring and recording systems with redundant
data buses.

.15. MCS-MODIFICATION CONTROL SYSTEM

FUNCTION Used for aircraft modification and development, status update and'reporting, workload
planning and scheduling.

DEVELOPER USAir, Pittsburgh, PA.

LIFE 1986

DF-SCRIPTION This system rn, of the larger Merlin System developed by USAir to improve cf•icicncy and
communications between all phases of maintenance.
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76. MDC-USAF MDC-US AIR FORCE MAINTENANCE DATA COLLECTION SYSTEM

FUNCTION Provision of a limited number of measures to access fleet condition and identify likely
candidates for reliability and maintainability improvement.

SPONSOR US Air Force

DEVELOPER RAND Corporation, Santa Monica, California

DESCRIPTION The Air Force has determined that the maintainability of products and systems is as
important as other utility and cost factors; hence, the devdopment of a set of parameters,
organized into the MDC system, to enable the user todetcrmine which areas of the purview
are likely candidates for improvement in reliability and maintainability. Since the program
looks at subsystems, a better-than-average understanding ofmaintenance data collect ion and
base-level maintenance systems is required to manage this complex system. The system
provides the userwith condensed organized data so that decisions and actions may be further
determined.

77'. MDIS-MAINTENANCE AND DIAGNOSTIC INFORMATION SYSTEM

FUNCTION Generic model-based expert system for use in maintenance.

SPONSOR US Air Force

DEVELOPER Boeing Aerospace Co., Boeing Military Aircraft Div.
LIFE 1986

DESCRIPTION Software system with capability ofbuilding adescription ofany typeofequipment, currently
used in the Portable Computer-Based Maintenance Aid System (PCMAS) being built by
Boeing foi the US Army.

78. MERLIN SOFTWARE

FUNCTION Software package marketed by USAir to improve the efficient performance and communi-
cation among operating departments of aviation mainenance organizations. These depart-
ments include maintenance, overhaul, scheduling, shops, and inventory.

DEVELOPER USAir, Pittsburgh, PA.

LIFE Since 1986.

DESCRIPTION The Merlin software package developed by USAir is composed of five management
information systems which integrate various aspects ofaviation maintenance. These indude
MACH (Maintenance Activity Communications HLstory), CSS (Component Control
System), MCS (Modification Control System), MSCS (Material Services Control System).
Several carriers have acquired this software. Among then/are Federal Express, Aeromexico,
Kuwait Airways, Cameroon Airlines, BWIA International Airline, Ansett Airlines, Turkish
Airlines, UTA and Flying Tigers.

79. MICROFICHE MAINTENANCE MANUAL STORAGE AND RETRIEVAL'

FUNCTION' To store maintenance manuals in microfiche form for delivery to maintenance areas and
airline shops throughout the US,

SPONSOR Delta Airlines

DEVELOPER Minolta Corp.

LIFE 1985'

DESCRIPTION Job performance aid which supplies bulky compendiasuch asairplane maintenance manuals
in microfiche form. Readers used by Delta are the RP407 and RP407E reader-printers
located in maintenance areas or airline shops and repairstations, allow standard, comple:,.%
and easy distribution of information which may need to'be needed by various departments.
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80. MIMS-MAINTENANCE INFORMATION MANAGEMENT SYSTEMS
FUNCTION To bridge the information assimilation gap between data acquisition and maintenance

operations.

SPONSOR US Air Force

DEVELOPER Systems Control Technology, Inc., PaloAko, California

LIFE 1981

DESCRIPTION The Turbine Engine Fault Detection' and Isolation Program Model Development resul.ed
in the Maintenance Information Management System in 1981. Although the acquisition of
engine monitoring systems has been effective in prototype and operational modes, it was
determined that the acquisition ofdata, although reliable, was not formulated in a manner
in which it could be utilized by the maintenance management. There were no procedures
for integrating the data into the maintenance proces. This systems attempts to resolve the
complexity of integrating data received. The system establishes standards for managing
information flow effectively in the standard Air Force maintenance units.

81. MSCS--MATERIAL SERVICES CONTROL SYSTEM

FUNCTION Computer software system to facilitate communication between material control, purchas-
ing, planning, receiving and issuing functions in an aviation maintenance organization.

DEVELOPER USAir, Pittsburgh, PA

LIFE Since 1986.

DESCRIPTION This software system is a component of the Merlin package, which indude MACH, CCS,
and MCS. This phase of the system is used in material control, planning, purchasing,
receiving and issuing functions in aviation organizations.

82. MAINTENANCE TRAINING SIMULATOR-US ARMY

FUNCTION Efficient, complete training for specified aircraft or maintenance systems.

SPONSOR US Army

DEVELOPER BBN Laboratories

LIFE 1988

DESCRIPTION Maintenarice training simulators are designed to reduce training costs, reliance

upon certain types of equipment availability, and condense training time with increased
training effectiveness. As an example, the simulator develcped for the F- 16 fighter aircraft
environmental system has reduced deven days overall training with one day hands-on, to'
seven days hands-on. This simulator, developed by BBN Laboratories for the US Army is
for theSikorsky Black Hawk air defense system radar. Using artificial intelligence, the trainer
embodies the knowledge o~an expert. !t can be used to train or functior as a diagnostic tool.

83. MULTIPLE FAULT DIAGNOSTIC GAS PATH ANALYSIS SYSTEM

FUNCTION Demonstration of Hamilton Standard's Gas Path Analysis- Technique.

SPONSOR Naval Air Propulsion Test Center. Trenton, Nj

DEVELOPER United Technologies, Winisor Locks, CT

LIFE 1975

DESCRIPTION System demonstrates the results of Hamilton standard's gas path diagnostic systcm for a
complex twin-spool mixed flow, variable geometry turbofan engine. Possible diagnostic
routines are specified with sensor and control uncertainties.
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84. NASA/US AIR FORCE SELF-REPAIRING FLIGHT CONTROL PROGRAM

FUNCTION Aircraft self-diagnostics system.

SPONSOR NASA/US Air Force

DEVELOPER General Flectric

LIFE 1989

DESCRIPTION TheSedf-Repairing Flight Control Program was developed to assist fault failurecdetection and
maintenance. The program detects and identifies failures as they occur in-flight, thus
eliminating thedifficultyofreplicating failures in ground tests afiertheaircraft lands. General
Electric has developed an aircraft maintenance self-diagnostic system that will perform these
in-flight tests on an F15 research aircraft.

85. ORION 4400 AUTO TEST SYSTEM

FUNCTION To maintain inertial navigation and aircraft management system.

SPONýSOR Japan Air Lines

DEVELOPER GEC Avionics

LIFE 198

DESCRIPTION The Orion 4400 is a system used to help maintain inertizl navigation systems and aircraft
management systems. The equipment is ofmodulardesign and has self-diagnosing and self-
repair capabilities. These systems are used in production control and maintenance
applications.

86. PCMAS -PORTABLE COMPUTER BASED MAINTENANCE AID SYSTEM

FUNCTION Portable maintenance expert system

SPONSOR US Air Force

DEVELOPER Boeing Military Aircraft C(ompany

LIFE 1986

DESCRIPTION Portable Computer-Based MainrenanceAid System, PCMAS, is maintenance system which
utilizes expert systems called MDIS.

87. PLTS-PARTS LIFE TRACKING SYSTEM

FUNCTION System designed to manage on-condition maintenance.

SPONSOR US Air Force

DEVELOPER General Electric Corp., Aircraft Engine Business Group, Lynn, MA,

LIFE 1979.

DESCRIPTION The system is designed to support the philosophy of on-condition maintenance.

The system manages maintenance ofUSAF/AI0 aircraft. Included in the overall system are
Parts Tracking Systems, and Engine Time-Temperature Recorder systems. fhe central data
base includes a parts master file encompassing all designated parts entered into the system
either as spares or as a part of the engine data. The PLTS requires data from the mechanic
responsible for changing parts (engine serial number, part serial number, location of part aiA
date, for example) and periodic reading and recording of information taken from the units
at other times.
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88. PRISM - PRODUCTIVITY IMPROVEMENTS IN SIMULATION MODELING PROJECT

FUNCTION To provide a proof of concept for an integrated model devdopment environment.

SPONSOR USAF Air Force. Human Resources Laboratory

LIFE 1988

DESCRIPTION Event simulation models have been, and continue to be, major decision support aids in
I. logistics capability assessment. Results of a survey conducted by the Air Force Human

Resource Lab indicate a large amoun-i of userdissatisfaction with various aspects of many of
these decision support aids. The Prism project was created to address these problems by
providing a proof of concept via a software environment.

89. Q-GERT SIMULATION LANGUAGE

FUNCTION Simulation language

SPONSOR USAF

LIFE 1983

DESCRIPTION QGERT is a simulation language that was used to develop a model that would determine
B-1B automatic test equipment station quantities required to support the B-1B avionics
components at base level. Two techniques were developed to determine test station
quantities based on the model output. The fim technique was to buy sufficient test stations
to achieve a four day maximum base repair cyde time for the avionics components. The
second technique was to conduct a cost-benefit analysis by comparing the costs of additional
test stations (benefits ofa shorter repair cycle times) to the benefits of fewer test stations (the
costs of longer repair cyde times). The research effort provides a range of management
options for consideration by the B-1 B System Program Office.

90. RADsation

FUNCTION Speech recognition-based radiology reporting system.

DEVELOPER Lanier Voice Products

UFE 1990

DESCRIPTION The RADstation is a radiology reporting system that is based on an IBM-compatible PC and
Dragon Systems' speech recognition technology. The software package is menu driven and
contains an on-line vocabulary of 30,000 words. This system enables the radiologist to read
the X-ray and call out a particular finding. Thiswill trigger thesystem to produce a complete
and formatted report on thatfinding. The report can bewritten into oneofthe threeavailable
levels ofdetail. This report can be sent to physicians quickly via computer network interfacý
or by fax using a fax/modem.

91. RF-ELATS -RADIO FREQUENCY EXPANDED LITTON AUTOMATED TEST SETS

FUNCTION Test various systems/equipment of F/A-1 8 aircraft

SPONSOR Royal Australian Air Force

DEVELOPER Litton Systems Canada

LIFE, 1987

DESCRIPTION Radio Frequency Expanded Litton Automated Test Sets (RF-ELATS) performs compre-
hensive tests and fault diagnosis on radar, communications, microwave and Electronic
Warfare (EW) equipment. The system utilizes a touch-sensitive screen, a keyboar' a printer
and a plotter.
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92. RMMS - REMOTE MAINTENANCE MONITORING SYSTEMS

FUNCTION Monitor, control and verify remote equipment.

SPONSOR FAA

LIFE 1989

DESCRIPTION The RMMS monitors, controls, and verifies the performance of National Airspace System
equipment and sites. The program to modernize this isdesigned to centralize and automate
thesystems'activity. Piesently, thesystem issetupupinamastedslaverelationship. By1995,
the setup should be changed so that the controller transparently accesses the remote facilities
through the main Advanced Automation System (the host system for air traffic).

93. SAIFE--STRUCTURAL AREA INSPECTION FREQUENCY EVALUATION

FUNCTION To assist in the evaluation of'proposed structural inspection programs for commercial jet
transport aircraft.

DEVELOPER Technology, Incorporated, Dayton, Ohio

LIFE 1978

DESCRIPTION SAIFE is a computer program deeloped to assist management in theevaluation ofalternative
structural inspection and modification programs. Its logic simulates various structural
defects, failures and inspections and their ramifications in five areas of control: (1) aircraft
design analysis; (2) fatigue testing; (3) production, service, and corrosion defects; (4)
probability. of crack or corrosion detection; (5) aircaft modification economics. The goal of
this program is to quantify the evaluation procesi currently used to establish and modify
inspection intervals for commercial jet transport.

94. SAMT - SIMULATED A/C MAINTENANCE TRAINING

FUNCTION To increase effectiveness of maintenance procedure instruction.

SPONSOR USAF

DEVELOPER Honeywell Training a2d Controls Systems Operations

LIFE 1982

DESCRIFTION The F-16 engin. diagnostic SAMT is comprised of simulated aircraft cockpit and test
equipment cr,',trol panels, an instructor station, and a computer simulation of the Pratt &
Whitne-< •00 engine. Computersimulation seeks to provide realistic engine performance
for maintenance training. Use of this vehicle allows ktudcnts to practice engine trimming
procedures, and diagnosis of a variety of engine component failures.

95. SELF-REPAIRING F1GHT CONTROL SYSTEMS

FUNCTION Flight control system

SPONSOR USAF - Aeronautical Systems Division

DEVELOPER Honywell & McDonnd Douglas

LIFE 1985

DESCRIPTION This is a reconfigurable or'self-repairing' flight control system that continually evaluates the
aerodynamic conditions of aircraft, and reconfigures itself in the event that certain control
surfaces are unavailabledue todamage or malfunction. A reconfiguratioa module contained
in the system is capable of choosing the correct combination of control surface deflections
to execute certain maneuvers. The system will also provide instrucions to the pilot to
compensate for the alteration in control surface. This reconfiguration computer technology
might be adapted to future civilian aircraft.
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96. SEMSA WEAPON SYSTEM AND MAINTENANCE SIMULATOR

FUNCTION Weapon system and maintenance simulator

DEVELOPER Sogitec

LIFE 1988

DESCRIPTION The SEMSA weapon system and maintenance simulator is designed to train technicians in
Mirage 2000 maintenance methods. The simulator is used to familiarize technicians with
weapon system operation, fault-finding and diagnosis of malfunctions. SEMSA contains
four dements: a cockpit cabinet with a display of the pilot's station; and aircraft cabinet with
another display of the stores system and tat equipment; an instructor's station; and a data
processing suite.

97. SERVICE BAY DIAGNOSTIC SYSTEM I

FUNCTION Computer to guide automobile maintenance technicians through repair of Ford's electronic
engine control unit (EEC-IV) and the many components with which that unit interacts.

SPONSOR Ford Motor Company, Ford Parts and Service Division

DEVELOPER Hewlett-Packard Co.,

DESCRIPTION This di-gnostic system incorporates a touch screen computer and printer, and a portable
engine analyzer that may be operated during a road test. Functionally, it taps into the EEC-
IVsystem through thedatalink, and talks toother modules in thesystem. It can activate other
sensors and actuators. It can also communicate with Ford's OASIS (On-Line Automotive
Service Information System) to receive technical information, updates and manual informa-
tion and service bulletins. The computerwill also display diagrams and drawings ofparts and
sensors, which may be otherwise difficult to locate or discern.

98. SERVICE BAY DIAGNOSTIC SYSTEM (SBDS) II

FUNCTION Auto diagnostics expert system using hypertext capability.

DEVELOPER Ford Motor Company

LIFE Operation by December 1989 in 2000 dealerships

DESCRIPTION Hypertext is a method of organizing rdated information via computer systems. Hypertext-
based automobidediagnostics and repairworkstation hdps mechanics repair cars. The Service
Bay Diagnostic System has an expert system in the diagnostic mode to analyze the meter
readouts, symptoms data entered into the computer by the technician.

99. SPS--SHOP PLANNING SYSTEM

FUNCTION To reduce the amount ofduplicated effort and improve accountability and control of shops
parts tracking and shop planning systems.

DEVELOPER USAir

LIFE Since 1986.

DESCRIIOION This is a software tool, part of the larger Merlin package, to improve aviation maintenance
management and stafffunction efficiency. This portion ofthe Merlin package governs shop
Planning, scheduling, and parts inventory control. A combined system such as this reduces
paperwork without reducing efficiency.

155



Chapter Me

100. STAR-PLAN

FUNCTION 'To help satellite control operators identify and resolve system faults in orbiting spacecraft.

DEVELOPER Ford Aerospace & Communications Corporation, Sunnyvale

LIFE 1986

LESCRIPTION Inrt-easing complexity of spacecraft systems and the unavailability of technical advisors in
some remote ground stations and mobile control facilities, has emphasized the need for
automation of these satellites diagnostic and advisory functions. Satellite expert control
systems must accommodate multiple disciplines and complex relationships between sub-
systems. The prototype system will be a ground based decis;on aid to replaceor augment the
work of the technical analyst who monitors incoming telemetrydata stream from a satellite
and compares that data with expected conditions (heuristic reasoning). Models for
incorporating procedures for automating the knowledge acquisition process are also
induded.

101. STEMS -STRUCTURAL TRACKING AND ENGINE MONITORING SYSTEM

* FUNCTION Monitoring system for aircraft structures.

' SPONSOR USAF

DEVELOPER Northrop

11FE 1983

DESCRIPTION STZMS is a system that determines inspection and repair schedules forindividual aircraft,
determines aircraft surface life expectancy, provides data for future specifications, and
establishes operational limitations. It consists of an on-board prrocessor, diagnostic display
unit and a data collection unit.

102. THREE-DIMENSIONAL TRAINING SIMULATOR

FUNCTION Training Simulator

SPONSOR Commercial. Used by NASA and General Motors and others.

DEVELOPER Autodesk, Salsaulito, Califomia VPL Research, Redwood City, California

LIFE, 1989

DESCRIPTION The simulation is accomplished through tiny computer monitor goggles which users wear
S* over each eye. The goggles deliver coordinated messages to the user's brain. The computer

linked to the user through a sensor glove. Use of the glove creates and guides perceived
movement, thus creating an artificial reality. This is called Cyberspace. It puts the user in a
simulated, realistic 3-D world.

This is being used and developed for use in training helicopeter pilots and other types of
applications by GE, NASA and the Army.

* 103. TEDS-TURBO ENGINE DIAGNOSTIC SYSTEMS

FUNCTION To electronically monitor various engine conditions and functions.

SPONSOR US Air Force, and others.

DESCRIPTION A genieric term for systems using electronic means to determine engine conditions and
satisfactory functions. The first system was called, Events History Recorder, developed for
theAir Force Fl 00engine. Othersystems usingsameanddevelopingtechnologyindudethat
for the T-38 trainerJ85 engine, the A-10 ground support aircraft's TF34 turbofan engine,
and those installed in the KC-135,' B1-B, and F-16 aircraf. Representative systems are
known'as Integrated Turbine Engine Monitoring System and Joint Advanced Fighter
Engine diagnostic system.
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104. TEMS-TURBINE ENGINE MONITORING SYSTEMS

FUNCTION Genetic term for a variety of engine monitoring systems.

SPONSOR USAF

DESCRIPTION TEMS is representative of one of the earliest applications of technology to the maintenance
process. This system foouses on engine monitor parameters seeking to predict when and what
maintenance is required on the engine to achieve on-condition maintenance. TEMS is a
generic name for avariryofearlysystemswhich use different means ofcollecting data. Some
data is collected man-aally, others automatically. Recent systems collect data and in real-time
transmit it to the ground station. All systems collect this data to spot anomalies, leading to
increased aircraft availability, reduced overall engine maintenance costs.

105. TEXMAS -TURBINE ENGINE EXPERT MAINTENANCE ADVISOR SYSTEM

FUNCTION Used in conjunction with a system such as TEMS, TEXMAS uses human-like reasoning to
adieve reduced maintenance costs and ircrease aircraft availability.

DEVELOPER Textron, Inc., Avco Lycoming Textron, Stratford, CT

LIFE 1988.

DESCRIPTION TEXMAS takes raw data and carries out functiuns such as engine performance measure-
ment, evcit montoting, and life monitoring, and fault isolation and diagnosis. It can also
be used towalkan inexperienced nechanic through thediagnosis process. TEAMA is based
on expert system technology, implemented on a laptop computer.

Devdoped for the T53 engine. This is an engine with few sensed parameters (two rotor
speeds, torque, exhaust gas temperature, oil pressure and oil temperature. With no other
measurements available, the diagnosis process requires the knowledge of an expert.

.106. TROUBLESHOOTER

FUNCIlON Training tool to aid aviation mechanics in learning troubleshooting and diagnostic skills
utilizing simulation oriented computer-based instruction methods.

DEVELOPER Flight Safety International

LIFE First introduced in 1986, successive developments in 1988 with anticipated additional
developments.

DESCRIPTION Flight Safety International has developed a series of simulation oriented computei-based
instriiction aids for virtually all major subsystems of Cessna Citation 500, Dassault Falcon
50 and the Sikorsky S-76. First introduced in 1986, the diagnostic courses are being
erpandedtoawiderangeofbusinem aircraft. This system uses actual pilotwrite-ups ofervice
difficulty reports, manufacturers sevicewrite-ups, with cockpit indicators programmed into
the software. Students review subsystems individually or in teams in order to develop and
critique solutions. Review of the steps taken to diagnose the problem and the components
replaced determine the effeciveness ofthe recommended procetura. Use ofthesystem does
not require previous computer experience.
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107. VSLED- VIBRATION, STRUCTURAL 1FE AND ENGINE DIAGNOSTIC

FUNCTION Monitoring sys.em for V-22 tiltrotor aircraft, this system is representative of -he latest
genekation of performance aids, distinct by its integration into the aircraft itself. It extends
the monicoring process to the aircraft structure.

DEVELOPER Bell Aerospace

LFE 1989

DESCRIPTION4 Vibration, Structural life and Engine Diagnostics (VSLED) is a monitoring system
developed for the V-22 tiltrotor aricrafi. This system seeks reduce maintenance costs by 50%/o
By monitoring the structure of the aircraft and analyzingtrends and parameters as do e:.gine
monitoring systems, VSLED ir.tegrates several systems, and uses automatic detection of
exceeded limits. This data is analyzed and fault isolation analysis is performed. It monitors
the aircraft's vibration, temperatures, structural life, and engine events, and can generate
reports that specify needed maintenance actions.

108. XMAN-EXPERT MAINTENANCE TOOL

FUNCTION An expert maintenance system designed to be a user interface to the maintenance data base
created by systems such as TEMS.

SPONSOR US Air Force

DEVELOPER System Control Technology Corporation

DESCRIPTION XMAN was developed for use on the USAF A-I OA It uses expert systems technology and
builds upon other related technologies (such as TEMS) to automate diagnostic and
troubleshooting procedures. Since this tool can communicate to the user the sequence of
condusions in the diagnostic procedure, it may be used for training.
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